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In a previous study (1) it was found that the 
plasma tocopherol level in patients with hepatocel- 
lular disease tended to be low and relatively unre- 
sponsive to an oral test dose of tocopheryl acetate. 
However, repeated doses raised the concentration 
in a normal manner, while the fraction recovered 
in the feces was even smaller than in normal sub- 
jects (2, 3), suggesting that intestinal absorption 
was not impaired. One possible explanation for 
these findings was that the tissue stores of tocoph- 
erol were depleted as the consequence of an ante- 
cedent dietary deficiency, and that the low concen- 
trations in the feces and the relatively flat tolerance 
curves were indicative of greater absorption and 
more rapid transfer of tocopherol from the intesti- 
nal tract to the tissues. Consistent with this inter- 
pretation was the observation that the plasma levels 
in liver disease did not differ significantly from 
those in randomly selected patients with a variety 
of other disorders in which malnutrition could 
have been a factor. Since there was no loss of 
tocopherol during its incubation with feces, as- 
pirated jejunal contents or pure cultures of enteric 
bacteria (3), it appeared unlikely that the abnor- 
malities noted in patients with hepatocellular dam- 
age were due to increased tocopherol degradation 
in the intestinal tract. However, the report of 
Rosenkrantz, Milhorat, and Farber (4) that a sig- 
nificant fraction of tocopherol is excreted as to- 
copherylquinone, an oxidative product which is 
not detectable in conventional analyses based on 
the Emmerie-Engel reaction, necessitated further 
investigation of this possibility. Accordingly, si- 
multaneous determinations of fecal tocopherol and 
tocopherylquinone were carried out on three-day 
stool collections before and after a one Gm. oral 

1 Supported by Grant A47-C from the National Institute 
of Arthritis and Metabolic Diseases of the National In- 
stitutes of Health, United States Public Health Service. 

2 Postdoctoral Research Fellow, United States Public 
Health Service. 


test dose of tocopheryl acetate, using a method de- 
scribed by these authors (5). It was found that 
neither normal nor cirrhotic subjects excreted a 
significant amount of tocopherylquinone (6), an 
observation consistent with the impression that the 
low levels of fecal tocopherol in liver disease were 
not due to increased degradation in the intestinal 
tract. 

As in the case of hepatocellular disease, patients 
with partial occlusion of the common bile duct 
exhibited low levels of plasma tocopherol and rela- 
tively flat tolerance curves, and excreted only a 
small fraction of ingested tocopherol, but, in con- 
trast, showed no increase in plasma concentration 
when repeated large doses of tocopherol were 
administered (3). It was difficult to reconcile 
these findings with either an absorptive defect or 
a deficiency state leading to greater absorption and 
more rapid transfer of tocopherol from the in- 
testinal tract to depleted tissue depots. Since 
Popper, Dubin, Steigmann, and Hesser (7) had 
reported high levels of plasma tocopherol in both 
obstructive and hepatocellular jaundice, the possi- 
bility was considered that the low output of 
tocopherol in the feces in these conditions was due 
to interference with its re-excretion in the bile. 
This was investigated by measuring the output of 
tocopherol in T-tube bile from patients with 
biliary fistulae, and in aspirated duodenal contents 
of cirrhotic and normal subjects with an occlusive 
balloon in the jejunum (3). It was found that 
the amount recovered constituted only a small 
fraction of the total fecal tocopherol, and did not 
increase during the absorption of tocopherol from 
the intestine. Moreover, the excretion in normal 
and cirrhotic subjects did not differ, so that 
biliary retention did not appear to be a significant 
factor in the reduced fecal excretion of tocopherol 
in liver disease, a conclusion supported by the ac- 
companying low levels of tocopherol found in the 
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plasma. In contrast to the experience of Popper 
and his associates (7), no high levels were en- 
countered in either hepatocellular or obstructive 
jaundice, and there was no correlation between 
the plasma concentration of tocopherol and that 
of either bilirubin or cholesterol (3). 

The results of these studies on the effects of 
hepatobiliary disease on the plasma tocopherol 
level and on the absorption and storage of tocoph- 
erol were considered inconclusive, and in some 
ways contradictory. No doubt some of the fac- 
tors that could not be controlled or evaluated ac- 
curately, such as the nutritional status, the degree 
of bile stasis, and the severity of the hepatocellular 
injury, affected the results. It was considered 
worth while, therefore, to reinvestigate the prob- 
lem in animals under more uniform conditions. 
The following is a report of such studies in rats 
subjected to ligation of the bile duct, bile fistula 
and acute and chronic carbon tetrachloride-in- 
duced hepatic injury. 


METHODS 


Animals. Male Sprague-Dawley rats, raised on an 
ad libitum diet of Purina Laboratory Chow containing 
0.035 mg. of tocopherol per Gm., were subjected to the 
following procedures when they attained a weight of 200 
to 300 Gm.: 

1) Ligation of the bile duct. Under Nembutal® anes- 
thesia, the bile duct was doubly ligated and transected as 
close to the hilum of the liver as possible. Special care 
was taken to avoid injury to the pancreas. Post-opera- 
tively, each animal received 10 ml. of saline subcutane- 
ously to insure adequate hydration. 

2) Bile fistula. Under Nembutal® anesthesia, a poly- 
ethylene catheter with a bore of 0.58 mm. was introduced 
into the bile duct and tied in place approximately 1 cm. 
from the hilum of the liver and proximal to a double 
ligature occluding the distal segment of the duct. The 
free end of the catheter was then threaded subcutaneously 
through a hollow needle to the nape of the neck where 
it was allowed to drain into a rubber finger cot lying on 
the back and held in place by a protective plastic shield 
sutured to the skin, as described by Hoffbauer, Watson, 
and Schwartz (8). The open end of the finger cot was 
sealed with a cork through which the catheter entered, 
while the tip emptied into a length of rubber tubing con- 
taining a removable glass plug to permit daily drainage. 
The water-tight sac thus created was sufficiently large 
to accommodate a 24 hour bile collection without tension, 
so that no hyperbilirubinemia ensued. Post-operatively, 
10 ml. of saline was administered subcutaneously. There- 
after, normal saline was substituted for the drinking wa- 
ter to compensate for electrolyte losses in the bile. Ani- 
mals maintained on this regimen tolerated biliary drainage 
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for the seven day experimental period without apparent 
ill effects. 

3) Acute hepatic injury. Three subcutaneous injections 
of carbon tetrachloride in doses of 0.15 ml., 0.10 ml., and 
0.05 ml. per 100 Gm. of body weight were given at two 
day intervals to insure the presence of acute hepatic 
necrosis throughout the experimental period. This was 
confirmed histologically. A number of animals died, but 
the survivors used in subsequent studies appeared to be 
in a good state of health. 

4) Chronic hepatic injury and cirrhosis. Carbon tetra- 
chloride was injected subcutaneously at the rate of 0.05 
ml. per 100 Gm. of body weight twice weekly for five 
months. Histological examination at this time reveled 
the presence of a finely granular cirrhosis. The mor- 
tality rate in this group was high, but the surviving ani- 
mals used in subsequent tocopherol studies appeared 
kealthy, had no signs of jaundice or ascites, and exhibited 
a reasonably rapid growth rate, attaining an average 
weight of 438 Gm., representing a gain of approximately 
180 Gm. 

Tocopherol studies. The acute effects of these proce- 
dures on the serum tocopherol concentration were meas- 
ured daily for a period of one week in samples of blood 
obtained from a tail vein. 

The method of evaluating changes in tocopherol ab- 
sorption, transport and storage was based on a study 
of the serum tocopherol responses to test doses of tocoph- 
eryl acetate administered either (a) orally in the form of 
a suspension in dilute alcohol, (b) orally in the form of a 
stable emulsion, or (c) intramuscularly in the form of a 
stable emulsion. Serum tocopherol concentration was 
estimated at 0, 2, 4, 6, 8, 10, 12, 24, 48, 72 and 96 hours, 
each of the three tolerance tests being carried out in an 
individual group of six animals. The curves obtained 
were then analyzed statistically in terms of maximum and 
mean increase in concentration over the control level, and 
were compared with each other in each of the four ex- 
perimental groups, and with those obtained in control 
animals. 

The oral suspension was prepared by vigorously mix- 
ing a 10 per cent solution of dl-alpha-tocopheryl acetate * 
in 95 per cent ethyl alcohol (w/v) with 40 times its 
volume of water in a small test tube with the aid of a 
fine needle and syringe, thus yielding a final alcohol con- 
centration of approximately 2.3 per cent. The required 
amount was then promptly drawn into a syringe and 
instilled into the stomach through a metal cannula passed 
down the esophagus. 

The oral emulsion,* which was a 3.3 per cent (w/v) 
stable dispersion of d-alpha-tocopheryl acetate in a 10 
per cent aqueous solution of Tween 80, was administered 
in the same fashion. It has been shown that stabilization 
in the Tweens enhances the absorption of tocopheryl ace- 


8 Obtained from Hoffman-LaRoche, Inc., Nutley, N. J., 
through the courtesy of Dr. Robert J. Floody. 

4 Obtained from the United States Vitamin Corporation, 
New York, N. Y., through the courtesy of Dr. Louis 
Freedman. 


tate in normal individuals (9), and, at least in the case of 
vitamin A, is capable of abolishing the absorptive defect 
in patients with steatorrhea (10). For that reason it 
was hoped that a comparison of the tolerance curves ob- 
tained with the emulsion and suspension might reveal any 
impairment of intestinal absorption related to disturbances 
in bile flow. 

The intramuscular preparation * was a stabilized 2.5 per 
cent emulsion of dl-alpha-tocopheryl acetate in water con- 
taining 5 per cent Tween 20, 2 per cent procaine HCI and 
0.5 per cent chlorbutanol (all values expressed as w/v). 
Since preparations of this type are known to be absorbed 
rapidly from muscle (11), study of the serum concentra- 
tions following an injection appeared to provide an in- 
direct method for measuring changes in the rate of tocoph- 
erol utilization and/or transfer to the tissues. 

The tolerance tests were carried out (a) 72 hours after 
ligation or external drainage of the bile duct to avoid any 
immediate post-operative effects, and to rid the intestinal 
tract of previously secreted bile, (b) 48 hours after the 
initial injection of carbon tetrachloride to coincide with 
the point of maximum hepatic necrosis; the second in- 
jection was given at the same time as the tocopheryl ace- 
tate, while the third was administered 48 hours later to 
perpetuate the hepatic injury throughout the course of the 
96 hour observation period, and (c) two weeks after the 
cessation of a five month series of carbon tetrachloride 
injections to avoid the complicating effects of acute he- 
patic injury related to the most recent injections. 

In the animals with a fistula the bile was collected daily 
and analyzed for its tocopherol content. 

Other studies. Following completion of the tolerance 
tests, the animals were sacrificed and examined for evi- 
dence of recanalization or rupture of the bile duct in those 
with ligated ducts, and for evidence of biliary obstruc- 
tion or leakage in those with a biliary fistula. If any of 
these complications were found, the experimental results 
were discarded. 

Serum bilirubin determinations were carried out serially 
in each of the experimental groups to investigate the pos- 
sible relationship between the serum tocopherol level and 
bile retention. The same samples were analyzed for 
total cholesterol, since previous investigators (12) had 
noted a direct relationship between the concentration of 
tocopherol and cholesterol in a number of conditions. 
It should be pointed out that these studies were not car- 
ried out in the animals undergoing the tocopherol toler- 
ance tests. Unfortunately, the amount of blood required 
was too large to permit simultaneous serial analyses of 
tocopherol, bilirubin and cholesterol in the same animals. 

Chemical methods. Serum tocopherol determinations 
were carried out in triplicate by the micromethod of 
Quaife, Schrimshaw, and Lowry (13). The three values 
checked closely, as evidenced by the fact that the standard 
deviation of the means for all individual samples analyzed 
was only + 0.04 mg. per cent.5 Moreover, parallel analy- 
ses of 15 pairs of serum revealed that the results were 


5 /Sum of (deviations from the mean of each sample)? 
Sum of (n-1 for each sample) 
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in close agreement with those obtained by the macro- 
method of Quaife and Biehler (14). 

Estimations of serum bilirubin and cholesterol were 
carried out by microscale modifications of the Malloy- 
Evelyn (15) and Saifer-Kammerer (16) methods, re- 
spectively. 


RESULTS 
Control studies 


The serum tocopherol concentration in rats of 
identical age and sex and raised on a uniform diet 
varied over a wide range (Table I). However, 
the hourly and daily fluctuations in individual ani- 
mals were relatively small (Table II), suggesting 
that the variations within the group were not due 
to postprandial changes in serum concentration 
related to ad libitum feeding. 

Following the oral administration of dl-alpha- 
tocopheryl acetate in the form of an unstable sus- 
pension in 2.3 per cent ethanol, the serum tocoph- 
erol level rose significantly, reaching a peak in 8 
to 12 hours, and returned to the initial concentra- 
tion, or slightly above, in 24 to 48 hours. The 
magnitude of the response varied with the amount 
of tocopherol administered, approaching a ceiling 
at a dose of 10 mg. of free tocopherol per 100 Gm. 
of body weight. Presumably, absorption was max- 
imal at this level, so that the 10 mg. dose was em- 
ployed in all subsequent experiments. In com- 
paring the effects of different preparations and 
routes of administration, the curve obtained with 
the oral suspension of tocopheryl acetate was 
adopted as a standard of reference. To facilitate 
their comparison, the curves were analyzed statisti- 


TABLE I 
Serum tocopherol level in rats under varying 
experimental conditions 
No. 
Experimental group animals Mean + S.D.* Range 
mg. To mg. To 
Controls 64 0.39 + 0.23 0.03-1.05 
Ligation of bile duct 
2 hours 27 0.61+0.45¢ 0.00-1.38 
7-11 days 24 0.42 + 0.18 0.00-0.65 
Bile fistula—72 hours 18 0.90+0.47¢ 0.11-1.72 
Carbon tetrachloride 
48 hours 24 0.78 +0.48f  0.09-1.93 
5 months 22 0.46 + 0.23 0.09-0.98 


*S.D. refers to standard deviation. 

t Statistically significant differences: ligation of bile duct 
72 hours) > controls (p < 0.02); bile fistula > controls 
p< O01 carbon tetrachloride (48 hours) > controls 
p < 0.01). 
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TABLE II 
Fluctuations in serum tocopherol concentration of rats maintained on an ad libitum stock diet 


Serial serum tocopherol determinations 


2 3 


4 


Hourly intervals 


mg. To 


SRSESES 


0.26 
Standard deviation of the observations in the group* = +0.07 mg. per cent 


Daily intervals 


Standard deviation of the observations in the group* = +0.13 mg. per cent 


* [Sum of (deviations from the mean of each subject)? 


Sum of (n-1 for each subject) 


cally in terms of the maximum and mean increases 
in serum tocopherol concentration over 24 and 96 
hour periods. The latter were calculated from 
the areas under the curves. Since the results ob- 


HOURS 
Fic. 1. INcREASE In SERUM TOCOPHEROL IN RESPONSE 
TO THE ADMINISTRATION OF TOCOPHERYL ACETATE TO 
Controt Rats 
Values shown represent the means for groups of six 
animals each. 


tained by all methods of analysis were in close 
agreement, only those pertaining to the maximum 
increase in concentration are presented. 

As might be expected in control animals with an 
intact digestive mechanism, homogenization of the 
tocopheryl acetate to produce a stable dispersion 
of microscopic particles did not enhance its rate of 
absorption from the intestinal tract (Figure 1, 
Table III). However, it did permit its absorption 
from muscle, although the rate of absorption, 
judging from its effect on serum tocopherol, was 
significantly lower than that in the intestinal tract 
(Figure 1, Table III). 


Biliary obstruction 

Following ligation of the bile duct, the serum 
tocopherol concentration rose transiently, reaching 
a peak in 72 hours, and returned to the control 
level by the fifth day (Figure 2). This was not 
a constant finding, but in the 27 experiments car- 
ried out the mean of the concentrations found at 
72 hours was significantly higher than that of the 
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Rat 
no. 1 6 Mean 
1 0.54 0.55 0.48 0.50 0.30 0.35 
2 0.55 0.51 0.58 0.44 0.43 0.45 
3 0.29 0.32 0.45 0.32 0.35 0.33 
4 0.48 0.31 0.47 0.31 0.31 0.34 
5 0.32 0.29 0.30 0.16 0.23 0.22 
7 0.81 0.86 
8 0.73 0.77 
. 9 0.74 0.86 
10 0.74 0.76 
11 0.68 1.02 
12 0.94 0.88 
13 
14 
15 
16 
17 
18 
19 
@———® ora! suspension 
@-----@ ora! emulsion 
/:m- emulsion 
= 
/ 
: 
Ss, 
ar “ 
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controls, while the mean of the values found be- 
tween the fifth and eleventh days was within nor- 
mal limits (Table 1). The transient character of 
the rise in the face of persistent complete biliary 
obstruction, as evidenced by the progressive in- 
crease in serum bilirubin (Figure 2), made it un- 
likely that it was due to retention of tocopherol 
normally excreted in the bile. The possibility that 
it was related to the hypercholesteremia that ac- 
companied it was suggested by the striking simi- 
larity between the concentration curves of the two 
lipids (Figure 2). According to Byers, Friedman, 
Biggs, and Gunning (17), the hypercholesteremia 
that follows ligation of the bile duct in the rat is 
due primarily to an accumulation of cholate in the 
blood, leading to an increase in the cholesterol- 
binding capacity of the serum proteins and a con- 
sequent retention of cholesterol. Unfortunately, 
the period of observation in the experiments car- 
ried out by these investigators was limited to 72 
hours, so that no data are available on the serum 
cholate level for the subsequent period during 
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which the serum cholesterol was found to fall both 
in the present study and that of Chanutin and 
Ludewig (18). Although the serum cholate con- 
centration tends to remain elevated following bile 
duct ligation in most animals (19, 20), it is con- 
ceivable that the rat is an exception, and that the 
rise and fall in the concentrations of both choles- 
terol and tocopherol were due to parallel fluctua- 
tions in the cholate level. Since the rat is in- 
capable of synthesizing tocopherol, any increment 
in the serum must have been derived from either 
the diet or the tissues. Accordingly, the possibility 
had to be considered that the fluctuations in serum 
tocopherol were due to alterations in intestinal 
absorption, or to changes in the output or uptake 
of tocopherol by the tissues, and particularly by the 
liver, which contains one of the largest and most 
readily mobilized depots of tocopherol (21). 

As is evident from Figure 3 and Table III, 
orally administered tocopheryl acetate in suspen- 
sion raised the serum tocopherol concentration only 
slightly. In emulsified form it had a somewhat 


TABLE III 
Maximum increase in serum tocopherol concentration following the administration of tocopheryl acetate * 


Statistically significant differencest 


Comparison with control animals 


Comparison with animals in the same 
experimental group 


tal Oral 


groupt suspension 


emulsion 


I.M. 
emulsion 


Oral 
suspension 


Oral 
emulsion 


1.M, 
emulsion 


Controls 
Oral suspension 
Oral emulsion 
I.M. emulsion 


Ligated bile duct 
Oral suspension 
Oral emulsion 
I.M. emulsion$ 


Bile fistula 
Oral suspension 
Orai emulsion 
I.M. emulsion§ 


CCl, (acute) 
Oral suspension 
Oral emulsion 
I.M. emulsion 


CCI, (chronic) 
Oral suspension 


Oral emulsion 
I.M. emulsion 


p < 0.05 


* Dose used 
Determined by Students’ ‘‘t’’ test. 


uivalent to 10 mg. free tocopherol per 100 Gm. body weight. 


Six animals per group, except: CCl, ae oral emulsion, seven; CCI, (chronic), oral suspension, four. 


Difference statistically significant, p < 0.01. 


0.98 + 0.34 gl 

0.76 + 0.13 
0.51 + 0.16 p<0.02 p<0.02 Bag: 

0.12 + p < 0.01 

0.32 + 0 p<001 p< 0.01 
4.2441 p < 0.01 p < 0.01 p<001 p<0.01 
0.24 + 0.21 p < 0.01 

0.76 + 0.90 Yel 

2073 0.0 0.02 

1.03 se 0.21 p < 0.01 p < 0.05 ae 

0.61 + 0.14 
1.18 + 0.63 | 
0.53 + 0.33 
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@——-@ bile duct ligation 
O----O bile fistula 
carbon tetrachloride 


S35 


MG: PER CENT 


CHOLESTEROL 


4 


14 


4 
DAYS 


Fic. 2. CHANGES IN SERUM BILIRUBIN, CHOLESTEROL, 
AND TOCOPHEROL FoLLowING LIGATION OF THE Bite Duct, 
EXTERNAL DRAINAGE OF THE Bite Duct, or THE ADMINIS- 
TRATION OF CARBON TETRACHLORIDE 


Values shown represent the means for groups of six 
animals each, except in the case of the serum tocopherol 
levels in animals with a bile fistula or acute carbon tetra- 
chloride intcxication, which were derived from the data 
in Table I. 


greater effect, but the difference was not statisti- 
cally significant. Moreover, in neither case was the 
response equal to that in the controls, suggesting 
that tocopherol absorption from the intestinal tract 
was impaired, presumably due to the absence of 
bile. It is highly improbable, therefore, that the 
increment in serum tocopherol following ligation 
of the bile duct was of dietary origin, particularly 
since the diet provided only 0.14 to 0.18 mg. per 
100 Gm. of body weight. 

In contrast, the intramuscular administration of 
tocophery! acetate produced a striking increase in 
serum tocopherol that greatly exceeded the re- 
sponse in any of the controls (Figure 3, Table 
III). Since the level remained elevated for a 
longer period than the hypercholesteremia, it is 
unlikely that a high blood cholate concentration 


was a major factor in the retention of tocopherol 
in the serum. 

To investigate further the possibility that liga- 
tion of the bile duct interrupted a normal pathway 
of tocopherol excretion, or reduced the capacity of 
the liver to store tocopherol, similar studies were 
carried out in animals with bile fistula and with 
carbon tetrachloride-induced acute hepatic injury. 


Bile fistula 


The serum tocopherol level rose transiently fol- 
lowing the creation of a bile fistula, reaching a 
peak in 72 hours (Table I). Since there was no 
accompanying hypercholesteremia (Figure 2), it 
is unlikely that this effect was due to an increase 
in blood cholate. 

Orally administered tocopheryl acetate in sus- 
pension raised the serum concentration less than 
in the controls (Figure 4, Table III), suggesting 
that intestinal absorption was impaired. How- 
ever, the defect appeared to be less severe than in 
animals with biliary obstruction since homogeniza- 
tion of the tocopherol in Tween 80, which was in- 


ora! suspension 
o——-@ oro! emulsion 
emulsion 


MG: PER CENT 


Hours” 
Fic. 3. INCREASE IN SERUM TOCOPHEROL IN RESPONSE 
TO THE ADMINISTRATION OF TOCOPHERYL ACETATE 72 
Hours Fottowinc LicatTion oF THE Bre Duct 


Values shown represent the means for groups of six ani- 
mals each. 
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40 
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TABLE IV 
Biliary excretion of tocopherol before and after the administration of tocopheryl acetate * 


Days before or after tocopheryl acetate administration 


Tocophery! acetate 
preparation —3 -2 


-1 +1 +2 +3 


Tocopherol concentration in bile, mg. % t 


0.26 
0.28 
0.50 


Oral suspension 
Oral emulsion 
I.M. emulsion 


0.25 
0.23 
0.46 


0.14 
0.26 
0.42 


Amount of tocopherol excreted, mg.t 


0.03 
0.03 
0.05 


0.05 
0.06 
0.03 


Oral suspension 
Oral emulsion ~ 
I.M. emulsion 


0.03 
0.03 
0.05 


* Dose used equivalent to 10 mg. free tocopherol per 100 Gm. body weight. 


t Mean values for groups of six animals each. 


effective in the latter, permitted normal absorption 
in animals with a bile fistula, as evidenced by a 
serum response that was equal to that of the con- 
trols (Table III). Although ligation and transec- 
tion of the bile duct were carried out as close to the 
porta hepatis as possible to avoid injury or ob- 
struction to the pancreatic ducts, which enter the 
bile duct along most of its length, it is conceivable 
that the inflammatory reaction and local pressure 
effects associated with elongation and distension of 
the proximal occluded segment of the bile duct in- 
terfered with pancreatic function, thus compound- 
ing the absorptive defect due to the absence of 
bile. 

Emulsified tocopheryl acetate produced a greater 
rise in serum tocopherol concentration when in- 
jected intramuscularly than when administered 
orally (Figure 4, Table III). This difference 
could not have been due solely to the more rapid 
absorption of tocopherol from muscle, since the 
increase in serum concentration was even larger 
than that observed following a similar injection in 
normal animals (Table III). Inasmuch as hyper- 
cholesteremia and bile retention could be excluded 
as factors, a decrease in the uptake of tocopherol 
by the liver appeared to be an attractive possibility 
worthy of further investigation. 

It is noteworthy that the increase in serum to- 
copherol following an intramuscular injection of 
tocopheryl acetate was significantly greater in 
animals with obstruction of the bile duct than in 
those with a biliary fistula (Table III). Hyper- 
cholesteremia and/or cholate retention could have 
been responsible for this difference, although the 
possibility that the mechanism for the uptake of 


tocopherol by the liver was more severely im- 
paired under conditions of biliary obstruction 
could not be excluded. As is evident from the 
data in Table IV, retention in the serum of tocoph- 
erol normally excreted in the bile could not have 
been a significant factor. Thus, it will be noted 
that the amount of tocopherol excreted in the bile 
constituted only a negligible fraction of the in- 
take, and did not increase significantly when large 
doses of tocopherol were administered either orally 
or intramuscularly. 


Carbon tetrachloride-induced acute hepatic injury 


At the height of the hepatic injury 48 hours 
after the administration of carbon tetrachloride, 
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sion, of which there were seven. 


the serum tocopherol concentration was signifi- 
cantly higher than that in the controls (Table I). 
Since there was no accompanying change in the 
serum bilirubin or cholesterol (Figure 2), it is 
unlikely that the increase in serum tocopherol was 
a retention phenomenon related to the suppression 
of bile secretion or the accumulation of blood 
cholate. 

Tocopheryl acetate raised the serum tocopherol 
to a significantly higher level when it was adminis- 
tered as an emulsion in Tween 80 than when it was 
administered as a suspension in dilute alcohol 
(Figure 5, Table III), suggesting that intestinal 
absorption might be impaired. However, this 
appears unlikely since the response to the sus- 
pension was not significantly smaller than that 
in the controls (Table III). Moreover, it is evi- 
dent that some other factor must have been in- 
volved to account for the fact that the increase in 
serum tocopherol following the oral or intra- 
muscular administration of emulsified tocopheryl 
acetate was significantly greater in animals re- 
ceiving carbon tetrachloride than in the normal 
controls (Table III). A decrease in the hepatic 
uptake of tocopherol as a consequence of injury 
would best explain these findings, and might, in 
part at least, account for the supranormal responses 
to intramuscular tocopherol observed in animals 
with ligation of the bile duct and biliary fistula. 


The question arises whether the transient ele- 
vations of serum tocopherol observed following 
ligation of the bile duct, creation of a bile fistula, 
and the administration of carbon tetrachloride also 
were due to a decrease in the hepatic uptake of 
tocopherol entering the serum from the intestinal 
tract or other tissues. This appears unlikely, since 
the progressive hepatic damage seen under these 
conditions might be expected to produce a sus- 
tained rather than a transient retention of tocoph- 
erol in the serum. The alternative possibility, that 
hepatic injury resulted in the release of tocopherol 
from the liver itself, appears more plausible, and 
is consistent with the observation that the increase 
in serum tocopherol was independent of bile re- 
tention or elevation of the serum cholesterol level. 
The recent report of Yamamoto, Okuda, and Chow 
(22) that the administration of carbon tetrachlo- 
ride increases the release of vitamin B,, from the 
liver and raises its concentration in the serum 
lends credence to this interpretation. 


Carbon tetrachloride-induced chronic hepatic in- 
jury and cirrhosis 


The mean serum tocopherol concentration in 
rats given carbon tetrachloride for a period of five 
months and then allowed to recover for two weeks 
did not differ significantly from that of the con- 
trols (Table I). This suggests that the tissue 
stores of tocopherol were not depleted and, hence, 
that chronic hepatic injury and cirrhosis had not 
affected the absorption of dietary tocopherol, an 
impression that was confirmed by the results of 
oral tolerance tests. These revealed that the rise 
in serum tocopherol following the administration 
of tocopheryl acetate, in the form of either a sus- 
pension or an emulsion, was equal to that in the 
controls (Figure 6, Table III). Also, judging 
from the normal serum response to intramuscu- 
larly injected tocopheryl acetate (Table III), it is 
evident that the hepatic uptake of tocopherol was 
not impaired. 


COMMENT 


The concentration of tocopherol in the serum de- 
pends on the relative rates at which tocopherol 
enters and leaves the blood. Thus, the level at 
which equilibrium is established may be influenced 
by the dietary intake of tocopherol, its rate of ab- 
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sorption from the intestinal tract, and the capacity 
of the tissues to store, utilize, and release tocoph- 
erol. As far as is known, endogenous synthesis is 
not a factor, and, as shown previously, the negli- 
gible losses of tocopherol in the bile and urine are 
of little consequence (2). The binding capacity 
of the serum proteins may affect the amount of 
tocopherol retained, and may govern the maxi- 
mum concentration attainable in the serum. How- 
ever, it is doubtful that a reduction in the binding 
capacity is ever responsible for low serum con- 
centrations, since even at low levels it is possible 
to raise the concentration very considerably with 
an intramuscular injection of tocopherol. Con- 
sidering the multiplicity of factors involved, ‘t is 
not surprising that the serum concentration of to- 
copherol varies over a wide range, even in animals 
raised under identical conditions. 

Since the concentration of tocopherol in the 
liver is more responsive to changes in the dietary 
intake than that in any of the other tissues (21), 
it must be assumed that the liver is capable of 
storing and mobilizing tocopherol more readily, 
and, hence, may play a significant role in the regu- 
lation of its concentration in the serum. It is 
reasonable to postulate, therefore, that the transi- 
ent rise in concentration following experimental 
hepatocellular injury or surgical manipulation of 
the bile duct, and the abnormally high levels at- 
tained under these conditions following an intra- 
muscular injection of tocopherol, are attributable 
to alterations in the mechanism for the release and 
uptake of tocopherol by the liver. In the case of 
biliary obstruction, an increase in serum binding 
capacity, possibly related to the retention of cho- 
lesterol or cholate, may be a contributory factor. 

It is evident from these studies that, in the rat 
at least, complete interruption of bile flow into the 
intestinal tract, as a consequence of either ligation 
or external drainage of the bile duct, interferes 
with the absorption of tocopherol, while acute or 
chronic carbon tetrachloride-induced hepatocellular 
injury does not. No doubt the absence of bile 
retention in the latter accounts for this difference. 
Accordingly, it might be anticipated that other 
forms of hepatic damage that give rise to jaundice 
would produce a similar absorptive defect. How- 
ever, on the basis of studies in man, it would ap- 
pear that incomplete suppression of bile flow does 
not affect tocopherol absorption. Thus, as previ- 
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ously reported (2, 3), patients with partial biliary 
obstruction, acute viral hepatitis, and Laennec’s 
cirrhosis, in whom bile excretion is diminished but 
not abolished, do not show excessive losses of to- 
copherol in the feces. Indeed, the fraction of in- 
gested tocopherol excreted is even smaller than 
in normal subjects. Since there is no evidence 
of increased tocopherol destruction in the in- 
testinal tract of such individuals, it must be as- 
sumed that a larger fraction is absorbed, possibly 
in response to depletion of the tissue stores result- 
ing from the malnutrition of prolonged illness. 
The low plasma tocopherol levels and the relatively 
flat oral tolerance curves observed in such patients 
are consistent with this interpretation, and sug- 
gest that when the depots are depleted the transfer 
of tocopherol from the intestinal tract to the tis- 
sues may be accelerated. The fact that animals 
maintained in a good nutritional state do not ex- 
hibit comparable changes in serum concentration 
and tocopherol tolerance when subjected to acute 
or chronic hepatic injury lends support to the con- 
cept that hepatocellular disease per se does not 
alter the serum concentration or intestinal ab- 
sorption of tocopherol. 

It is evident that malnutrition and impairment 
of absorption due to the absence of bile in the in- 
testinal tract may ultimately lower the serum to- 
cophero!l level. However, the retention of bile, 
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possibly by increasing blood cholesterol or cholate, 
and hepatocellular injury, by increasing the release 
and/or decreasing the uptake of tocopherol by the 
liver, tend to raise the level. Accordingly, the 
concentration found in any given case of hepato- 
biliary disease will depend on the interplay of these 
factors. Although those tending to lower the 
concentration usually predominate, exceptions are 
to be expected. No doubt this accounts for the 
wide range of values reported in liver disease, and 
for the apparent discrepancy between the findings 
in different laboratories. 


SUMMARY 


The effects of biliary obstruction, external drain- 
age of the bile duct, and acute and chronic carbon 
tetrachloride-induced hepatocellular injury on the 
serum concentration of tocopherol have been in- 
vestigated in the rat both before and after the 
administration of oral and intramuscular test doses 
of tocopheryl acetate. It has been found that in 
well nourished rats (a) obstruction or external 
drainage of the bile duct interferes with the in- 
testinal absorption of tocopherol, while acute he- 
patic necrosis and postnecrotic cirrhosis do not, 
(b) the serum tocopherol level tends to rise transi- 
ently immediately following acute hepatocellular 
injury or surgical manipulation of the bile duct, 
but does not fall below the control level in subse- 
quent short-term periods of observation; similarly, 
there is no decrease in tocopherol concentration 
as a consequence of chronic carbon tetrachloride- 
induced cirrhosis, (c) the increase in serum to- 
copherol following an intramuscular injection of 
tocopheryl acetate is significantly greater in ani- 
mals with biliary obstruction, bile fistula, or acute 
hepatic necrosis than in normal controls. This phe- 
nomenon is not due to the suppression of tocopherol 
excretion in the bile, nor is it, in the case of bile 
fistula and acute hepatic necrosis, related to the 
retention of cholesterol in the serum ; however, the 
latter may be a factor in the case of biliary ob- 
struction, since the rise in serum tocopherol con- 
centration is significantly higher than in either of 
these other conditions. 

These observations suggest that (a) acute he- 
patic injury, produced either by carbon tetra- 
chloride administration or by surgical manipulation 
of the bile duct, leads to the release of tocopherol 


stored in the liver, and reduces the hepatic uptake 
of tocopherol from the serum, (b) complete inter- 
ruption of bile flow into the intestinal tract impairs 
the absorption of tocopherol, (c) hepatocellular 
injury per se does not affect the serum concen- 
tration, absorption or tissue uptake of tocoph- 
erol, and (d) the factors leading to hypercholes- 
teremia in obstructive jaundice may play a role in 
the retention of tocopherol in the serum. 

The implications of these findings in the inter- 
pretation of alterations in tocopherol metabolism ob- 
served in human liver disease have been discussed. 
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The increase in general activity which follows 
food deprivation in animals is well known (1). 
Less well known is the marked decrease in spon- 
taneous running activity which occurs after a pe- 
riod of refeeding. Working with rats, Finger (2) 
demonstrated that after a period of food depriva- 
tion, feeding produced a marked decrease in spon- 
taneous running activity as measured by the re- 
volving cage technique. He called this response 
a “satiation syndrome.” Studies in this laboratory 
(3) have confirmed this satiety response in mice. 
The present study was designed to determine some 
of the factors involved in this response. 


METHODS AND MATERIALS 


Female mice of the DBA strain obtained from the 
Jackson Memorial Laboratories, Bar Harbor, Maine, 
were used in this study. These mice were housed at 
constant temperature (72 F.), relative humidity (48 per 
cent), and with 12 hours of light each day. Mice under 
active study were placed in revolving activity cages modi- 
fied from those described by Richter and Wang (4). 
After their daily activity, weights and food intakes had 
become relatively stable, they were subjected to the vari- 
ous manipulations described in the section Procedures 
and Results. Water was allowed ad libitum at all times. 
Ground Purina Chow pellets were fed unless otherwise 
indicated. 


PROCEDURES AND RESULTS 


Since the spontaneous activity covers a wide 
range among individual mice, the average activity 
for each mouse during the six day control pe-iods 
has been taken as 100 per cent activity for charting 
purposes. The percentage of this base line for the 
mice in each study has been averaged for each day. 
Thus, the activity data are charted in terms of 
changes in activity during each study. 

Figure 1 illustrates the changes in spontaneous 
running activity which occurred when six mice 
were deprived of food for 48 hours. On the first 


1 This work was supported by a grant from the United 
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and second day of refeeding, there was a marked 
decrease in spontaneous running activity associated 
with a food intake above the control period 
average. 

Figure 2 represents a study in which nine mice 
were allowed to have only 0.6 gram of food in the 
24 hour period following a one day period of food 
deprivation. This limited amount of food pro- 
duced a significant decrease in spontaneous run- 
ning activity. 

A mouse with electrolytic lesions (5) in the 
ventromedial centers of the hypothalamus which 
produced hyperphagia and obesity was subjected 
to a similar study. It is apparent in Figure 3 
that this animal exhibited no significant activity 
changes on food deprivation or refeeding. 

Figure 4 illustrates the results of a study of 12 
mice given 0.1 mg. of chlorpromazine and 12 mice 
given 57 of reserpine subcutaneously twice daily. 
While both of these drugs produced marked de- 
creases in spontaneous running activity, they did 
not affect the type of response to food deprivation 
and refeeding. The effect of oophorectomy on the 
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response to food deprivation and refeeding is given 
in Figure 5. Here oophorectomy produced the 
well known decrease in activity but it did not 
change the character of the response to starvation 
and refeeding. 

The activity levels of nine mice allowed access 
to the protein lactalbumin, after 24 hours of fast- 
ing, are given in Figure 6. Although these mice 
ate an average of only 0.6 gram of this substance, 
a significant decrease in running activity occur- 
red. Similar studies allowing only sucrose or lard 
after a 24 hour fast were done. An average in- 
take of 3.0 grams of sucrose resulted in a de- 
crease in running activity to 50 per cent of the 
control period activity while an intake of 1.6 grams 
of lard resulted in a decrease to 60 per cent. 

Ten mice were offered kaolin sweetened with 
saccharin after a 24 hour fast. From Figure 7 it 
is evident that, though they ate an average of 0.8 
gram of this substance, their running activity did 
not fall below the control period average. 
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DISCUSSION 


In planning these experiments, the question 
arose as to whether the satiety response was due 
to inanition or fatigue. From the study (Figure 
1) in which mice were starved for 48 hours, it is 
apparent that the decrease in spontaneous run- 
ning activity on refeeding after a 24 hour fast is 
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not due to these factors. The observation that the 
mice consume more food than usual on refeeding 
after food deprivation (Figure 1) prompted the 
second study (Figure 2) in which mice were al- 
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lowed access to a very limited amount of food in 
the refeeding period. This small amount was 
sufficient to produce a significant satiety response. 
Thus, the satiety response is not due to overeating. 

The well established observations that rats (6, 
7) and mice (5) with injuries in or around the 
ventromedian nuclei of the hypothalamus overeat 
and become obese were responsible for the study 
in Figure 3. Here a mouse with bilateral electro- 
lytic lesions in the hypothalamus which resulted 
in hyperphagia and obesity was studied. In this 
study the satiety response did not occur nor did the 
usual increase in running activity on food depriva- 
tion. This, coupled with observations that mice 
with injury to the hypothalamic feeding centers 
produced by gold thioglucose (8) do not show 
changes in runing activity on food deprivation or 
refeeding (3), indicates that intact hypothalamic 
feeding centers must be present for the satiety re- 
sponse to occur. 

The mice given chlorpromazine and reserpine in 
Figure 4 showed a marked decrease in running 
activity on refeeding. Oophorectomy also pro- 
duced a decrease in running activity (Figure 5) ; 
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however, this did not change the pattern of the 
response to food deprivation and refeeding. From 
these studies it is apparent that changes in the level 
of activity do not block the satiety response. The 
sites of action of chlorpromazine (9) and re- 
serpine (10) are not clearly defined, but there is 
evidence that they do influence some hypothalamic 
centers. 

The evidence that protein will produce a satiety 
response is given in Figure 6. This and similar 
studies with sucrose and lard indicate that simple 
nutrients produce a satiety response. This sug- 
gests that there may be a simple chemical sub- 
stance which is responsible for triggering the 
satiety response. 

The possibility that the satiety response might 
be due to the presence of material in the gut or the 
act of eating was explored by giving kaolin sweet- 
ened with saccharin in the refeeding period (Fig- 
ure 7). Even with an average intake of 0.8 gram, 
running activity did not fall below the control pe- 
riod average. 

From these studies it appears that the marked 
decrease in s,ontaneous running activity mice ex- 
hibit on refeeding after a period of starvation may 
be termed a satiety response. This response is de- 
pendent on intact hypothalamic feeding centers 
and the ingestion of at least a small amount of a 
simple nutrient. It is not affected by factors which 
change the general level of activity. This satiety 
response is not directly dependent on the volume 
ingested nor is it due to the act of eating or the 
presence of material in the gut. The role of the 
satiety response in the regulation of food intake 
is not clear. Studies of Brobeck (11) and Steven- 
son and Rixon (12) offer the idea that activity 
and food intake are related to the maintenance of 
body temperature. 


SUMMARY 


The marked decrease in spontaneous running 
activity mice exhibit on refeeding after a period 
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of starvation has been studied. This change in 
running activity appears to be a satiety response. 
This response is dependent on intact hypothalamic 
feeding centers and the ingestion of a small amount 
of a simple nutrient. 
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Electroshock (2), surgical trauma (3), acci- 
dental trauma and acute illness (4) are associated 
with elevations in plasma corticosteroids in man. 
It was of considerable interest to extend these 
observations to include adverse environmental 
conditions. Metabolic and hematologic changes 
similar to those resulting from the administration 
of adrenocorticotrophic hormone (ACTH) or cor- 
ticosteroids have been reported to occur in human 
subjects experiencing hypoxia (5-7). In the 
present investigation blood ACTH and plasma 
corticosteroid concentrations were determined in 
subjects experiencing hypoxia, alone or in com- 
bination with heat. The influence of the adverse 
environmental conditions on the physiological well- 
being of the subjects was evaluated by measure- 
ment of changes in heart rate, respiration, body 
temperature, and urinary excretion of certain 
metabolites. 


METHODS 


Experiment 1. Short exposures; hypoxia induced by 
inhalation of a gas mixture low in oxygen. Seventy-nine 
healthy men, 18 to 35 years of age, served as subjects, 
each man serving on only one occasion. The subjects 
were divided into the following groups: (a) control, (b) 
hypoxia, (c) heat, and (d) hypoxia plus heat. During 
control and hypoxia tests, the environmental temperature 
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Air Force under Contract No. AF 18 (600) -621, monitored 
by the School of Aviation Medicine, USAF, Randolph 
Air Force Base, Texas. 

2 Part of this work was reported orally at the 1954 
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Biology (1), and issued as School of Aviation Medicine, 
USAF, Report 57-55, 1957. 

3 Present address: The Ben May Laboratory for Cancer 
Research, University of Chicago, Chicago, III. 

4 Present address: Department of Obstetrics and Gyne- 
cology, College of Medicine, University of Utah, Salt 
Lake City, Utah. 


was 27° C., relative humidity 50 per cent, and the sub- 
jects breathed by mask either room air or an oxygen- 
nitrogen mixture which, at ground level barometric pres- 
sure (750 mm. Hg), provided 100 mm. Hg inspired oxy- 
gen tension. Exposure to heat was accomplished in a 
cylindrical metal chamber in which air temperature (dry 
bulb) averaged 49° C., and the wall temperature 52° C., 
with relative humidity 18 to 20 per cent; under these 
conditions, one group breathed air and a second group 
the oxygen-nitrogen mixture. 

After 2, 15 or 45 minutes of exposure, 20 ml. of blood 
were drawn from an antecubital vein into a heparinized 
syringe for corticosteroid analyses, then 200 ml. were 
drawn directly into glacial acetic acid for ACTH analy- 
sis. Plasma corticosteroids were determined by the 
method of Sweat (8). Blood was processed by the oxy- 
cellulose technique (9) and assayed for ACTH in hypo- 
physectomized rats by the adrenal ascorbic acid depletion 
method. (10). A dose of eluate equivalent to 40 ml. blood 
was injected into each of five test rats. An estimate of 
the concentration of ACTH was based on the average re- 
sponse of the test rats to doses of unknown and the re- 
sponses induced by the administration of 1.0 and 0.25 
milliunits (mU) U.S.P. ACTH per 100 Gm. rat on the 
same day. As an additional control, five hypophysecto- 
mized rats were injected with 0.9 per cent NaCl solution 
in each assay. 

Experiment 2. Three hour exposure; hypoxia induced 
by decompression in heated chamber. Five male sub- 
jects, 31 to 42 years of age, wearing shorts, were de- 
compressed to the barometric pressure level equivalent to 
14,000 feet altitude (total pressure, 446 mm. Hg; oxygen 
tension, 95 mm. Hg) in a chamber in which the air and 
wall temperatures were held at 51° C. and relative hu- 
midity at 13 per cent. Air was circulated through the 
chamber at a constant rate, and the subjects remained 
seated throughout the exposure. Cardiovascular, respira- 
tory, and body temperature determinations were made 
periodically, and 20 ml. blood samples (venous) for cor- 
ticosteroid, hematocrit, sodium, and potassium determina- 
tions were drawn immediately before the exposure, at the 
end of the second and third hours of exposure, and one 
hour after exposure. Urine samples collected one hour 
after exposure were analyzed by standard methods (11) 
for uric acid, creatinine, sodium, and potassium, and com- 
parison was made with samples obtained at the same 
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time on the previous day; on both occasions the urine 
samples represented a four hour accumulation. 

Experiment 3. Two hour exposure; hypoxia induced 
by decompression in heated chamber. Eight male sub- 
jects, 18 to 23 years of age, were exposed in the same 
manner as in Experiment 2. Results are presented sepa- 
rately because the condition of the subjects made it 
necessary to terminate the exposure one hour earlier than 
had been intended. Rectal temperature, heart rate, and 
sweating rate determinations were made, and 20 ml. of 
blood were drawn just prior to exposure, at the end of 
two hours’ exposure, and one hour postexposure. 


RESULTS 
Experiment 1 


Blood samples from 54 of the 79 subjects were 
assayed for ACTH. Except for two subjects (one 
a control, and the other a heat-exposed subject), 
the ACTH titer was uniformly less than 0.5 mU 
per 100 ml. blood. The blood ACTH of the ex- 
ceptional control subject was estimated to be 2 
mU and that of the heat-exposed subject to be 0.5 
mU per 100 ml. blood. No significant differences 
in the concentrations of 17-hydroxycorticosterone 
or of corticosterone-like steroids were found be- 
tween the different groups of subjects. Data for 
62 experimental subjects and for a group of 9 sub- 
jects who were not subjected to experimental pro- 
cedures are summarized in Table I. 

Changes in heart rate, systemic blood pressure, 
respiratory minute volume, and respiratory quo- 
tient tended to become maximal after approxi- 
mately 15 minutes in the hypoxic subjects, whether 
at room temperature or in the hot chamber, and to 
remain fairly steady thereafter. The factor of 
heat had an intensifying effect on the response to 
hypoxia. To illustrate, heart rate, on the average, 
during hypoxia alone was not elevated to the same 
extent as with hypoxia plus heat, while hypoxia 
combined with heat induced an abrupt elevation 
in heart rate in contrast to a progressive increase 
with heat alone. 


Experiment 2 


The pre-exposure value for 17-hydroxycorti- 
costerone in this group of five subjects was not sig- 
nificantly different from the control values ob- 
tained in Experiment 1 (Table Il). The mean 
change noted at the end of two hours of exposure 
was not significant. All subjects exhibited in- 
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TABLE I 
Plasma corticosteroids in relation to hypoxia and 
heat stress (experiment 1) 


17-hydroxy- 
corticosterone 
(ug./100 mi. 
Treatment plasma) 
Control* 


Two-minute test 
Hypoxia 

Fifteen-minute test 
Control 


10.8 + 0.8f 


8.8 + 1.3 


Heat 0. 
Hypoxia 3. 
Hypoxia plus heat 1, 
Forty-five minute test 

Control 

Heat 


Hypoxia 
Hypoxia plus heat 


0. 
0. 
2. 
1, 


* Nonexperimental subjects, 19 samples. 
t Mean and standard error of the mean. 


creases in plasma concentration of 17-hydroxy- 
corticosterone at three hours, although the in- 
creases for two of the subjects are of doubtful 
significance. When analyzed on the basis of the 
gain above the pre-exposure levels, the mean 
change was statistically significant (> 0.01, < 
0.02). After a one hour recovery period, the av- 
erage concentration had fallen to a level which was 
not significantly different from the pre-exposure 
level. Although showing the same tendency as 
17-hydroxycorticosterone, the plasma concentra- 
tion of corticosterone-like steroids was not sig- 
nificantly altered at any time. Hematocrit deter- 
minations did not indicate any significant degree 
of hemoconcentration. 

As for the physiologic state, at the end of the 
exposure heart rates ranged from 105 and 125 
beats per minute, oral temperatures from 37.4° to 
38.0° C., mean skin temperatures (average of five 
equal areas) from 37.7° to 39.4° C., and ventilation 
(BTPS) from 4.7 to 27.6 liters per minute. 
Sweating rates (nude weight loss) ranged from 
0.28 to 0.69 Kg. per M.* per hour. One subject 
became incapacitated during the third hour, ex- 
periencing bradycardia, but he did not lose con- 
sciousness. Symptoms of hypoxia (cyanosis, eu- 
phoria, mental confusion, personality change), 
which were unusual for this altitude, were noted 
in all subjects. At the end of the one hour re- 
covery period, heart rates and oral temperatures 


(ug./100 ml. 
plasma) 
3.7404 
6 4.2+41.0 
2404 4841.1 
0 + 5.8 + 1.0 
5841.5 
4416 5841.8 
741.3 46408 
6 14.2 + 3.2 5.140.8 
8 126413 59403 
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TABLE II 
Plasma corticosteroids in relation to decompression at high ambient temperature 


like 


Experiment 2 (5 subjects) * 


Pre-exposure 
Two hrs. exposure 


Three hrs. exposure 


So 


One hr. postexposure 


He He HE 


Experiment 3 (8 subjects) * 


Pre-exposure 
Two hrs. exposure 
One hr. postexposure 


0. 
1, 
0. 


* In Experiment 2 the barometric pressure is 446 mm. Hg; air and wall temperatures, $1°C.; 
In Experiment 3 the barometric pressure is 446 mm. Hg; air temperature, 48° C. ; wall temperature, 50° C.; 


13 per cent. 
odes humidity, 22 per cent. 


relative humidity, 


Mean and standard error of the saean; values in parentheses indicate mean increase above pre-exposure level along 


with standard error of the mean increase. 


were not completely restored to the pre-exposure 
levels. Although there were no significant changes 
in plasma Na, K, or the Na/K ratio, changes in 
urine volume and in the output of certain urinary 
constituents clearly reflected the influence of the 
high temperature. Urine output on this occasion 
averaged 27 ml. per hour, whereas on the previous 
afternoon it had averaged 60 ml. per hour; the 
urinary uric acid/creatinine and Na/K ratios fell 
from 0.275 to 0.202 and from 1.55 to 0.55, re- 
spectively. The changes in these ratios were sig- 
nificant (p < 0.02 for the former, and p < 0.01 
for the latter). 


Experiment 3 


The pre-exposure value for 17-hydroxycorti- 
costerone for this group was not significantly dif- 
ferent from control values in Experiments 1 and 2 
(Table Il). Although five of the eight subjects 
exhibited increases in plasma 17-hydroxycorti- 
costerone levels after two hours of exposure, the 
average of the individual changes (+ 6.2 + 2.8) 
was not significantly different from zero. Cor- 
ticosterone-like steroids also were not changed sig- 
nificantly. In four of the eight cases, values for 
17-hydroxycorticosterone were elevated after a 
one hour recovery period when compared with 
pre-exposure levels. Hematocrit values were not 
changed significantly. 

Subjectively, this group of subjects found the 


exposure to be a distressing experience. Two sub- 
jects became incapacitated; in both cases heart 
rate was approaching 140 beats per minute, a 
rate which, for inactive subjects, is considered a 
critical limit. When ranked on the basis of an in- 
dex of physiologic strain (12), which evaluates in 
quantitative terms the effects of the thermal en- 
vironment, the subjects with the three highest 
strain values exhibited increases in 17-hydroxy- 
corticosterone in the range + 5.2 to + 18.9 yg. 
per 100 ml. plasma. Of the remaining subjects, 
two were unable to remain in the chamber for two 
hours, and the strain index was not computed ; the 
other three had the lowest strain values, and for 
these subjects the changes in the steroid concen- 
tration were in the range — 1.0 to + 6.1 yg. 


DISCUSSION 


The results confirm previous observations (13) 
that blood of normal male subjects contains less 
than 0.5 mU ACTH per 100 ml, and the 
observations of Paris, Upson, Sprague, Salassa, 
and Albert (14), who have been unable to detect 
ACTH in the blood of normal subjects. The esti- 
mate is based on the fact that 0.25 mU ACTH 
induces a response in test rats, and the fact that 
the equivalent of 40 ml. of blood fails to induce a 
significant depletion of adrenal ascorbic acid. 
The relatively high recovery of ACTH by the 
oxycellulose method (10) indicates that failure to 
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17-hydroxycorticosterone steroids 
9.5 46+0.9 43.8414 
103 50.409 460 412 
(+0.8 
Co 15.3 5.8 + 0.6 45.0 + 0.7 
(+5.8 
11.1 3.8 + 0.3 44.8 + 1.3 
(+1.6 
10.2 + 1.3 5.7 41.2 45.8 + 9 
16.4 + 3.4 7.8 +18 45.5 + 
13.7 + 2.8 7.2 41.1 45.1 + 
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detect the hormone in blood is not due to loss in- 
curred during processing. 

It is to be emphasized that our failure to de- 
tect ACTH in the blood of subjects exposed to hy- 
poxia does not rule out increased rate of release 
of ACTH from the adenohypophysis. Of interest 
in this connection are the observations of Thorn, 
Jenkins, and Laidlaw (7) that a very small dose 
of ACTH given by constant intravenous infusion 
(0.25 unit per hour) induces significant increases 
in urinary excretion of corticosteroid metabolites. 
This rate of infusion of ACTH would not be ex- 
pected to increase blood ACTH to a level detecta- 
ble by our method. More sensitive methods for 
the analysis of blood ACTH must be developed 
before we can clarify the problem of ACTH re- 
lease in response to noxious stimuli in man. 

Franksson and Gemzell (15) have presented 
data which they interpret to mean that the ap- 
prehension immediately prior to surgery is as- 
sociated with an increase in peripheral plasma cor- 
ticosteroid levels as measured by the method of 
Nelson and Samuels (16). In the present ex- 
periments subjects were noticeably apprehensive, 
yet the pre-exposure levels did not differ from 
those of untreated controls. 

The fact that the plasma corticosteroids did not 
increase in concentration during the first 45 min- 
utes of exposure to hypoxia cannot be explained 
on the basis of latency or inertia of the pituitary- 
adrenocortical system. ACTH can be discharged 
at an accelerated rate within two minutes after ap- 
plication of stress to experimental animals (17), 
and the peripheral blood steroid level of man ex- 
hibits an increase within 15 minutes after the start 
of an intravenous infusion of ACTH (18). A 
significant increase in plasma corticosteroids has 
been reported to occur within 15 minutes after 
electroshock seizure in man (2). 

We cannot conclude with certainty that the 
secretory activity of the adrenal cortex was in- 
creased during the longer exposures; we are only 
justified in saying that an imbalance between pro- 
duction and elimination resulted in an increase in 
the concentration of 17-hydoxycorticosterone in 
the plasma after two hours of exposure to adverse 
environmental conditions. Tyler, Schmidt, Eik- 
Nes, Brown, and Samuels (19) have presented 
evidence which suggests that reduction in rate of 
steroid degradation by the liver is in part responsi- 
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ble for the increase in peripheral blood steroid 
levels which occurs during and immediately fol- 
lowing surgery. Regardless of the cause, in- 
creased rate of secretion or decreased rate of elimi- 
nation, it is of some importance to find that cer- 
tain individuals respond to heat plus hypoxia with 
an increased concentration of 17-hydroxycorticos- 
terone in the plasma. Whether an increase of 
plasma corticosteroids above “nonstress” levels 
is of value to the individual in resisting the effects 
of heat plus hypoxia remains unanswered. 


SUMMARY 


Hypoxia (equivalent to that at 14,000 feet alti- 
tude), high environmental temperature (50° C.), 
or hypoxia in combination with heat induced no 
detectable increase in the titer of ACTH in periph- 
eral blood or in the concentration of plasma 17- 
hydroxycorticosterone, or corticosterone-like ster- 
oids of healthy male subjects exposed for brief 
periods (not in excess of 45 minutes). In a 
second experiment, three of five subjects who ex- 
perienced hypoxia of this degree in a heated de- 
compression chamber exhibited significant in- 
creases in the concentration of peripheral plasma 
17-hydroxycorticosterone after three hours of 
exposure. In a third experiment, five of eight 
subjects exhibited increases in plasma concentra- 
tion of corticosteroid after two hours of exposure. 
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A study of amino acid toxicity was undertaken 
following the observation that a mixture of intra- 
venously administered t-amino acids that had been 
nutritionally adequate in a patient became toxic 
when L-arginine was deleted. This toxicity was 
unexpected for the amino acid mixture, even with- 
out arginine, contained all of the amino acids de- 
termined by Rose (1) to be essential to man. Re- 
addition of L-arginine, however, prevented the 
toxicity. Subsequent studies by Guillino, Winitz, 
Birnbaum, Otey, Cornfield, and Greenstein sug- 
gested that the toxicity of arginine deficient 
L-amino acid mixtures might be attributable to a 
blood ammonia rise (2, 3). 

Investigation of the arginine-deficient amino 
acid mixture in dogs (4) demonstrated a marked 
blood ammonia rise on intravenous administration 
and indicated that the toxic manifestations, convul- 
sion and death were attributable to ammonia for- 
mation. L-arginine administration prevented the 
blood ammonia rise and toxicity. 

The present studies were undertaken to dem- 
onstrate in man the blood ammonia rise that can 
develop from intravenous administration of an 
L-amino acid mixture deficient in arginine, and to 
confirm the capacity of L-arginine to significantly 
reduce the blood ammonia changes produced by 
this mixture. Glycine was also used to produce 
an elevation of blood ammonia, and the role of 
L-arginine in preventing this rise was investigated. 


MATERIALS AND METHODS 


Solutions of amino acids containing all of the amino 
acids “essential” for man (1) were prepared so that 
each 250 ml. contained at least the minimal amount of all 
essential amino acids required for daily human main- 
tenance (see Table [).1 .-alanine was included to pro- 


1,_-amino acids prepared by enzymic resolution (5) 
were generously supplied by members of the staff of the 
National Cancer Institute. Glycine was obtained from 
the Nutritional Biochemical Company, Cleveland, Ohio, 
and a portion of the L-arginine-HCl was obtained from 
the Mann Research Laboratories, Inc., New York, N. Y. 


vide nitrogen for synthesis of the nutritionally nonessential 
amino acids. 

Individual 1.0 molar solutions of L-arginine-HCI and 
L-ornithine-HCl, and 1.7 molar solutions of glycine were 
prepared with pyrogen-free distilled water and sterilized 
in the autoclave.2 All solutions were tested by routine 
methods in the Division of Biologics Standards, National 
Institutes of Health, and found to be free of pyrogen and 
bacterial contaminants. Final concentration was checked 
by the Kjeldahl nitrogen determination. ’ 

Ammonia determination. Blood ammonia was deter- 
mined on duplicate samples by a modification of the 
Seligson microdiffusion method (6, 7). Two and a half 
ml. of blood are collected in a heparinized syringe, trans- 
ferred to a clean test tube, and one ml. pipetted immedi- 
ately into a 60 ml. wide-mouth serum bottle (U.S. Army 
Medical Corps Pattern) to which had previously been 
added 2 ml. of a saturated potassium carbonate solution. 
An etched glass rod mounted in a rubber stopper is 
dipped into 2 N sulfuric acid and promptly inserted into 
the bottle mouth. This entire operation, from appearance 
of blood in the syringe to stoppering of the bottle, re- 
quires about one minute. A blank preparation without 
blood is prepared at the same time. The bottles are then 
mounted on a 16 inch diameter diffusion wheel and ro- 
tated at 37 r.p.m. for 20 minutes. At the end of this 
time the glass rod is removed from the bottle and inserted 
into a Coleman 10 by 75 mm. cuvette containing 3 ml. of 
a 1:10 dilution of Nessler’s Reagent, inverted five times 
and removed, allowing drainage of the reagent from the 
rod. After 10 minutes at room temperature, the optical 
density at 420 millimicrons is read after setting the biank 
at zero density. With one microgram of ammonium 
nitrogen (NH,-N) the optical density was in the range 
of 0.065. Our experience is in agreement with that of 
Seligson (6, 7) with complete recovery of ammonia from 
ammonium sulfate standard solutions-and 90 to 100 per 
cent recovery of ammonia added to blood. Each day a 
control curve was obtained by carrying out the entire 
procedure on samples of ammonium sulfate containing 
1, 2, 5 and 10 micrograms of NH,-N. This curve is a 
straight line to 5 and tapers slightly to 10 micrograms of 
NH,-N. 

The mean fasting venous blood ammonia value of 80 
determinations in seven individuals with localized neo- 
plasms but without any evidence of liver disease fol- 

2 These solutions were prepared with the assistance of 


Dr. J. A. Scigliano of the Pharmacy Department, Clinical 
Center, National Institutes of Health. 
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TABLE I 
Intravenous amino acid mixtures 


Amino Acid Composition Solutions 


L- Tryptophane 
L- Phenylalanine 
-Lysine 

L- Threonine 
L- Valine 

L- Methionine 
L-Leucine 

L- Isoleucine 
L-Arginine 
L-Histidine 
L- Alanine 


lowed for one to nine months with 4 to 23 determinations 
per patient was 1.1+0.2 (S.D.) micrograms of NH,-N 
per ml. The one subject who was followed for nine 
months with 23 determinations had a mean venous blood 
ammonia value of 1.2 + 0.2 (S.D.) micrograms of NH,-N 
per ml. Similarly, single observations in 20 normal indi- 
viduals averaged 1.2+0.2 (S.D.) mg. NH,-N per ml. 

Amino acid infusions. The arginine-free L-amino acid 
mixture was administered to four fasting subjects (M.M., 
J.F., W.P., D.G.) who had received their usual morning 
and noon diet, but the evening intake was free of pro- 
tein on the day prior to study. Breakfast was omitted on 
the day of study. Glycine was infused into four subjects 
(G.S., W.P., J.F., G.A.) who had been fasted from pro- 
tein while receiving adequate water, electrolytes and 300 
grams glucose during the 36 hours prior to each study. 
The infusion studies generally were separated by a one 
week interval. One subject (W.M.) received glycine 
after dietary preparation as outlined above for the amino 
acid mixture. 

The 60 minute infusions were administered through a 
Bowman constant infusion pump into a peripheral vein. 
Serial blood samples for ammonia determinations col- 
lected through a Cournand needle placed in an antecubi- 
tal vein were obtained before, during, and after amino 
acid administration. Ammonia determinations were car- 
ried out immediately upon obtaining the blood. L-argi- 
nine was injected intravenously and separately from the 
amino acid infusion, unless otherwise noted. A total of 
53 studies was carried out in seven subjects. 

Subjects. All of the subjects who received amino acids 
intravenously presented significant problems in the main- 
tenance of nutrition. All but one required either com- 
plete parenteral alimentation or cervical esophagastomy 
and intragastric tube feedings. 

M.M., a 63 year old woman, had epidermoid carcinoma 
of the face. J.F. and G.S., respectively 56 and 55 year old 
men, had carcinoma of the buccal mucosa. W.P., a 42 
year old man, and D.G., a 55 year old woman, had car- 
cinoma of the stomach. G.A., a 59 year old man, had 
recurrent esophageal carcinoma, a liver palpable 3 cm. 
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below the right costal margin and normal liver function 
tests except for elevated alkaline phosphatase levels (4.5 
to 9.2 Bodansky units), although at autopsy the 1,800 
gram liver had no evidence of metastatic neoplasm. 
W.M., a 57 year old man with biopsy proven hepatoma 
that was symptomatic only through a painful mandibular 
metastasis, was found to have abnormal bromsulphalein 
retention (20 per cent), a 4 plus cephalin floculation test, 
thymol turbidity of 5 units, and an elevated serum globu- 
lin level, although the serum albumin, alkaline phosphatase 
and prothrombin time were normal. This patient is alive 
without evidence of hepatic failure eight months after 
these studies were performed. 

Although all of the subjects had a malignant disease, 
none had evidence of renal or hematologic abnormality. 
Only W.P. and G.A. had lost weight prior to these ob- 
servations, and only W.M. and G.A. had evidence of 
hepatic disease. Because these patients required intra- 
gastric tube feedings or entirely parenteral alimentation 
(except W.M.), dietary control was easily achieved. 
None lost weight during the period of experimental ob- 
servation. None had edema, ascites or other evidence 
of fluid retention. 


RESULTS 


Initial observation of amino acid toxicity 


In the course of observations on the nutritional 
value of amino acid mixtures administered intra- 
venously as the sole source of nitrogen, a mixture 
of eight “essential” L-amino acids plus L-histidine, 
z-arginine and L-alanine was found to be non-toxic 
and nutritionally adequate in the patient who re- 
ceived this solution (Solution B-1, Table I). Posi- 
tive nitrogen balance is demonstrated in Figure 1. 

Another intravenou. amino acid mixture (Solu- 
tion B-2), essentially the same except for deletion 
of L-arginine and L-histidine, induced coma in 
this same patient. This 45 Kg. man, totally de- 
pendent on intravenous feeding because of multiple 
intestinal obstructions secondary to gastric carci- 
noma, during a period of six hours received 250 
ml. of this solution, which was sterile and pyrogen 
free. Two hours after the end of the infusion he 
was noted to be unresponsive. Neurologic exami- 
nation revealed generalized rigidity, plastic re- 
sistance to passive movements, and bilaterai Babin- 
ski responses. No definite localizing sigus de- 
veloped. Blood sugar and calcium levels obtained 
during coma were normal. Within 24 hours the 
patient became responsive to painful and auditory 
stimuli, and in another two days was entirely ori- 
ented and demonstrated normal motor function and 
reflexes. During this period of recovery, the 
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(gms /Lt) (gms /Lt) 
1.0 1.0 
4.4 44 
3.4 3.4 
2.0 2.0 
3.2 3.2 
44 4.4 
4.4 4.4 
28 2.8 
4.4 0 
4.4 0 
112.8 120.4 
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Fic. 1. Positive BALANCE IN A SuBJECT RECEIVING L-AMINO ACID 
Mixture B-1 as Sore Source or NitRoGEN 


amino acid mixture containing L-arginine (B-1) 
was administered without evidence of toxicity.* 


8 Because this episode differed somewhat from the 
toxic manifestations usually seen with transitory blood 
ammonia elevations, additional information may be of 
interest. Prior to this episode, there was no evidence 
of hepatic, renal or central nervous system disease. 
However, this patient had undergone a 24 Kg. weight 
loss in the previous two years, had been on a limited 
diet necessitated by the requirement for intravenous 
feeding during the preceding four months, and was in a 
state of mild folic acid deficiency (M.C.V., 105 cubic 
microns; hematocrit, 31 per cent; B,. intake, adequate; 
marked [12 per cent] reticulocyte response to subsequent 
folic acid administration). Nausea and retching were 
noted in the two hours prior to the development of coma 
but similar symptoms had been present for several months 
and were attributed to the almost complete obstruction of 
the intestinal tract. This patient, when first seen in 
coma, had a respiratory rate of four per minute and had 
received four hours earlier 20 mg. of morphine’ sulfate, 
which represented a moderate increase in his regular 
narcotic medication. Because of the possibility of mor- 
phine poisoning, 10 mg. of allomorphine were given. 
Later, trembling movements of the head and extremities 
consistent with acute narcotic withdrawal became evi- 
dent and gradually subsided over 30 hours. No tonic 
or clonic convulsions were observed. Fever developed 
10 hours after the coma was first noted and persisted 
(daily peaks of 38.6 to 39.6° C.) for five days, during 
which penicillin and tetracycline were given. Although 
a leukocytosis as high as 30,000 w.b.c. per cu. mm. was 
present during the first two days of fever and returned to 


L-amino acid solution: Ammonia production and 
arginine protection 


After extensive investigation in experimental 
animals of the changes associated with intravenous 
administration of the arginine deficient L-amino 
acid mixture (4), this solution was administered 
intravenously to subjects M.M. and J.F. with a 
resultant rise in blood ammonia (Figure 2). 
Addition of L-arginine to the infusion mixture 
strikingly inhibited the ammonia rise. Quanti- 
ties of L-arginine (6 and 7 millimoles) correspond- 
ing to only 1 per cent of the total amount of amino 
acids infused were effective. Observations in sub- 
ject D.G. also revealed the same effect of L-argi- 
nine on the potential blood ammonia rise (Figure 
3). Nausea and, rarely, retching were observed 
in association with blood ammonia over levels 6 
vg. NH,-N per ml., but were definitely diminished 


normal two days later, clinical, bacteriologic and roent- 
genographic studies revealed no evidence of an infection. 
During the 10 days following the coma episode, the ni- 
trogen balance averaged — 3.0 grams per day in contrast 
to — 0.4 gram prior to this episode. The daily intake was 
5.0 grams nitrogen and 1,200 calories in both periods. 
Other febrile episodes in this patient were not associated 
with such markedly negative nitrogen balances. At au- 
topsy examination three months later, no organic brain 
disease was evident which might have accounted for this 
episode. 
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INFUSION OF L-AMINO ACID MIXTURE 


® No L-Arginine 
e L-Arginine,/% of total moles A.A. 


M.M. JF 
mM/Kg/min 21 mM/Kg/min, 


BLOOD AMMONIA NITROGEN (.9/mt) 


TIME IN -HOURS 
Fic. 2. Comparison oF BLoop AMMONIA CHANGES IN 
Two Susyects Recetvinc Sotution B-2 WitH AND 
WirtHout L-ARGININE 
Rate of administration of the B-2 solution is recorded 
in mM per Kg. per minute and the time of administration 
is represented by the shaded area on the horizontal axis. 


when arginine was present and the ammonia rise 
was reduced. No other toxic sign or symptom 
was noted. 

These studies demonstrate the ammonia-form- 
ing potential of the toxic Solution B-2, an L-amino 
acid mixture that does not contain L-arginine. 


INFUSION OF L-AMINO ACID MIXTURE 
0.G.-(1SOmmAmino Acid = 0.05mM/Kg/Min. 
-—t- L-Arginine 3mM injected of 6O Min. 
L-Arginine Added to infusion 
O L-Ornithine 2mM Added to infusion 


BLOOD AMMONIA NITROGEN (y9/mi.) 


° 60 120 180 
TIME IN MINUTES 
Fic. 3. Errect oF L-ARGININE AND L-ORNITHINE ON 
THE BLroop AMMoniIA CHANGES AssocIATeD WirTH IN- 
FUSION OF ARGININE-DEFICIENT L-AmMiIno Acip MIXTURE 
B-2 
The shaded area indicates the time of amino acid (B-2) 
infusion. In one study the B-2 mixture was infused alone 
and arginine was injected intravenously, indicated by the 
arrow (| ), immediately afterward. 
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TABLE Il 


Relationship of glycine dose and blood ammonia rise 
(60 minute glycine infusion) 


(mM) 
94 


(mM/Keg./min.) 
0.07 


W. M. 


— 


W. P. 


However, addition of L-arginine in small amounts 
prevented or markedly reduced the blood ammonia 
changes. It should be noted that the similar but 
non-toxic Solution B-1 contains somewhat more 
L-arginine than was necessary to modify the am- 
monia-forming potential of mixture B-2. 


Glycine-ammonia production 


In further studies of ammonia production from 
intravenous amino acid infusion glycine was uti- 
lized. The influence of the rate of glycine ad- 
ministration on the blood ammonia rise is indi- 
cated in Table II. With increasing rates of 
glycine administration, a greater blood ammonia 
response was noted. Because all infusions lasted 
60 minutes, a comparison of the effect of total dose 
versus rate of glycine administration cannot be 
made. 

Some degree of fasting in the amino acid re- 
cipient is usually required to produce a blood am- 
monia rise on amino acid administration, at least 
under the conditions in which these studies were 
conducted. A comparison of the blood ammonia 
response at several levels of protein feeding is il- 
lustrated in Figure 4. 


Protective effect of L-arginine 


Intravenous administration of L-arginine im- 
mediately prior to glycine infusion was capable of 
preventing the ammonia rise in fasted subjects 
(Figure 5). A partial inhibition of the ammonia 
rise was produced by suboptimal amounts of argi- 


Glycine Venous blood 
Total Infusion Ammonia 
Subject dose rate rise 
(ug./ml.) 
GS. | 
337 0.11 
376 0.13 
2 
J.F. 265 0.07 
348 0.10 
2 3 2 3 4 374 0.11 
G. A. 158 0.06 
275 0.10 
| 160 0.04 
245 0.06 
288 0.11 
5.0 
3 
10 
G 
WA 
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EFFECT OF FASTING 


6.5. 0.07mM/Kg-/Min. Fosted 12 Hours 
—O- GA 0.10 mM/Kg./Min. 25 gms. Protein before Glycine 
J.F. 0.11 mM/Kg./Min. 5Ogms.Protein before Glycine 


BLOOD AMMONIA NITROGEN (ug/mi) 


TIME IN MINUTES 
Fic. 4. Errect of FastiING oN THE BLoop AMMONIA RESPONSE TO GLYCINE 
ADMINISTRATION 
Protein feedings were given to G.A. and J.F. two hours prior to the 60 
minute glycine infusions. All three subjects, when fasted equally, had had 
equivalent blood ammonia rises with these amounts of glycine. 


nine. The amount of L-arginine required to mod- 
ify the blood ammonia rise was influenced by the 
amount of amino acid administered, as is seen 
with subject G.S., Figure 5. When an increased 
amount of glycine was given, more arginine was 
needed to reduce the blood ammonia changes. 
The characteristics of the amino acids adminis- 
tered may also influence the arginine requirement. 
This is suggested by the apparently lower arginine 
requirement of the L-amino acid mixture than of 
the single amino acid glycine. The quantity of 


arginine needed to modify the blood ammonia re- 
sponse is also influenced by the extent of protein 
deprivation. Although a 12 hour fast is usually 
adequate to produce a deficiency state demonstrable 
under the conditions of these experiments, a 36 
hour period without protein intake was routinely 
employed in these studies. 

The rapidity and effectiveness of L-arginine in 
altering a blood ammonia rise that is already un- 
derway were investigated by withholding the L-argi- 
nine injection until the forty-fifth minute of a 60 


EFFECT OF L-ARGININE ON THE BLOOD AMMONIA RESPONSE TO GLYCINE INFUSION 
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Fic. 5. Erect oF L-ARGININE ON THE BLoop AMMONIA RESPONSE TO 
Giycine INFUSION 


L-arginine was injected intravenously immediately prior to the glycine 


infusion. 
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DELAYED L-ARGININE ADMINISTRATION 
GA-Glycine (275mm) Glycine 0.13 mM) 
No Arginine No Arginine 
20mM L-Arginine ot 45 Mia. L-Arginine ot 45 Mia. 


= 


BLOOD AMMONIA NITROGEN (ug/ml) 


TIME IN MINUTES 
Fic. 6. Errecrt oF DELAYED L-ARGININE INJECTION 
ON THE BLoop AMMONIA RIsE ALREADY UNDERWAY FROM 
GLycine ADMINISTRATION 
The shaded area indicates the duration of glycine 
infusion. The time of arginine injection is indicated 
by the arrow ( J ). 


minute glycine infusion. As is seen in Figure 6 
(and Figure 3), the L-arginine injection was capa- 
ble of preventing further blood ammonia rise and 


inducing an early return to normal levels. The 
effectiveness of the L-arginine injection evidently 
depends upon the quantity of L-arginine injected 
and the amount of amino acid infused. 

Arginine storage was investigated by adminis- 
tration of L-arginine some hours prior to glycine 
infusion. The subsequent ammonia rise was com- 
pared with the response when the same amount 
of L-arginine was injected immediately prior to 
glycine administration. Figure 7 demonstrates 
an evident capacity for arginine storage within the 
body. 


 G.S-Glycine 0.07 
18MM L-Arginine ot O Time 

IBmM L-Arginine (2 Hours 
Eorlier 


74mM L-Arginine ot O Time 
7.6mM L-Arginine 12 Hours 
Eoriier 
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L-ornithine activity 


L-ornithine (18 mM) injected intravenously 
prior to a glycine infusion in subject G.S. inhibited 
the blood ammonia rise in a manner similar to 
L-arginine. tL-ornithine also reduced the blood 
ammonia rise when incorporated in the amino acid 
mixture B-2 (Figure 3). 


DISCUSSION 
Ammonia formation 


Blood ammonia elevation in association with 
amino acid administration has been demonstrated 
previously in animal studies. Ammonia release 
into the blood of dogs following glycine adminis- 
tration has been reported by Bornstein (8), Polo- 
novski, Boulanger, and Bizard (9), Doolan, 
Harper, Hutchin, and Alpen (10), and Harper, 
Najarian, and Silen (11). Greenstein and co- 
workers, investigating the toxicity of mixtures and 
individual L-amino acids administered intraperi- 
toneally to rats, demonstrated that a marked blood 
ammonia rise may accompany the toxic mani- 
festations of L-amino acid administration and 
suggested that the ammonia formation was one 
aspect of L-amino acid toxicity (12, 13). Kamin 
and Handler (14), administering amino acids pa- 
renterally to dogs, infused a mixture of amino 
acids (all as p-t forms) that did not contain argi- 
nine. This mixture was uniformly lethal in one 
hour with terminal blood ammonia levels of 30 to 
40 micrograms per ml. The effect of arginine ad- 
dition was not studied. Although the authors at- 
tributed the marked blood ammonia rise to deami- 
nation of the p-amino acids, it is now appreciated 
that ammonia may also be an intermediate in 
L-amino acid metabolism. 
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Ammonia formation in man was postulated by 
Doolan to explain the toxic effects he observed 
with rapid glycine infusion (10). His normal 
fasting subject experienced malaise, nausea, vomit- 
ing and a pyrogenic-type reaction with marked 
weakness, shaking chills, headaches and tempera- 
ture to 100.8° F. Blood ammonia levels were not 
measured in Doolan’s patient nor in our patient 
who developed coma without marked nausea or 
vomiting, although narcotic administration may 
have suppressed these manifestations in the latter 
instance. Whether all of the toxic symptoms seen 
in the patient receiving the amino acid mixture 
B-2 are attributable to ammonia toxicity and 
whether advanced debility contributed to the re- 
sponse is uncertain. In our studies with con- 
trolled blood ammonia elevation from administra- 
tion of glycine or an L-amino acid mixture, nausea 
and retching accompanied the blood ammonia rise. 
No gross neurologic or cardiovascular changes 
were noted. Nausea has also been noted when 
blood ammonia elevation was produced by am- 
monium chloride infusion (15). While other 
metabolic products from amino acid administration 
may be toxic, ammonia formation with resulting 
elevated blood ammonia levels is one aspect of 
amino acid toxicity. 

The amount of amino acid administered during 
the studies reported here was four.d to determine, 
in part, the blood ammonia response and toxicity. 
The relative importance of total dose versus rate 
of administration was not assessed since all of 
the studies were conducted with 60 minute amino 
acid infusions. Administration of 0.10 mM gly- 
cine per Kg. per minute always produced an am- 
monia rise in our fasted subjects. As little as 0.06 
mM per Kg. per minute for 60 minutes has pro- 
duced significant blood ammonia elevation. Doo- 
lan’s subject developed toxicity when glycine was 
given at an average rate of 0.67 mg. N (0.05 mM 
glycine) per Kg. per minute for 104 minutes. 
Two other subjects receiving smaller doses noted 
only mild toxic symptoms. In the present studies 
there was some individual variation in the blood 
ammonia response to glycine. Recalculation of 
the dosage on the basis of body surface area did 
not significantly alter the differences. 

It should be noted that the patient in whom the 
toxic effects of the arginine-free amino acid mix- 
ture were first observed had been on a low-arginine 
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diet in the previous months. Similarly, the rise in 
blood ammonia could be induced most easily in 
fasting subjects. The previous nutritional state, 
especially as to arginine intake, may have consider- 
able influence on the susceptibility of development 
of blood ammonia changes following intravenous 
amino acid administration. 

A comparison of the ammonia forming potential 
of the two solutions used in these studies is not en- 
tirely feasible because the subjects given the 
L-amino acid mixture had not been fasted from 
protein quite as long as those receiving glycine. 
However, different rates of ammonia formation 
are indicated if the sequence of ammonia changes 
are compared when equivalent blood ammonia ele- 
vations were induced by the two solutions. With 
glycine the 60 minute blood ammonia level is 
higher and the maximum rise is obtained earlier 
than with the B-2 mixture which is composed prin- 
cipally of t-alanine. This is compatible with the 
observations in the rat where individual L-amino 
acids produced characteristic and differing blood 
ammonia responses after intraperitoneal injection 
(12). The relative contribution of the infused 
amino avid nitrogen to the NH:-N that actually 
reaches the blood is uncertain. However, it is not 
unreasonable to assume that some ammonia comes 
from the administered amino acids. In cxperi- 
mental animals, both glycine and tL-alanine are 
rapidly removed by the liver and kidneys after in- 
travenous injection (16), and ammonia formation 
and release into the blood occur in both these 


organs (8, 9). 


L-arginine activity 


The striking activity of L-arginine in preventing 
or reducing the blood ammonia rise and toxicity 
with amino acid infusions suggests that this effect 
may be mediated by the Krebs-Henseleit urea cycle 
(3, 17). Compatible with this explanation are the 
results of studies in dogs with the L-amino acid 
mixture B-2 (4). L-ornithine and L-citrulline as 
well as L-arginine protected against the toxicity 
and blood ammonia rise while L-glutamic acid was 
ineffectual. Intravenous administration of the 
amino acid mixture without arginine produced a 
distinct sequence in the rise and fall of amino acids, 
ammonia, and urea in the blood with peak levels be- 
ing reached in that order. Such changes are com- 
patible with a sequence of amino acid removal from 
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the blood and metabolism to produce ammonia, 
ammonia production temporarily exceeding the 
capacity for ammonia removal and, finally, cumu- 
lative urea synthesis resulting in an increased 
blood urea. By measuring both the ufine urea out- 
put and plasma urea rise, it was possible to dem- 
onstrate that urea production was more rapid 
when L-arginine was included in the amino acid 
mixture and that the increased urea was more than 
would be contributed by direct metabolism of the 
administered arginine. Similar effects of L-argi- 
nine on the blood ammonia and urea concentra- 
tions have been demonstrated following adminis- 
tration of L-amino acids to rats (13) and glycine 
to dogs (18). 

L-arginine was effective in man when adminis- 
tered by intravenous rapid injection or slow infu- 
sion. The protective action of dietary protein sug- 
gests that orally administered arginine would also 
be active. L-arginine was active if included in the 
amino acid infusion or if injected shortly before. 
There is some evidence that administration of 
small amounts of arginine may be less effective if 
given more than three to six hours prior to the am- 
monia-inducing amino acids. This has been dem- 
onstrated somewhat more clearly in dogs (4) than 
in the present studies in man. If the amino acid 
infusion and blood ammonia rise are already un- 
derway, L-arginine administration apparently acts 
rapidly to modify the extent and duration of the 
ammonia rise. 

The amount of L-arginine needed to modify sig- 
nificantly the blood ammonia changes resulting 
from amino acid infusion in man will vary with 
the amount, rate and ammonia-forming potential of 
the administered amino acid(s) and with the nu- 
tritional state of the host. In these studies with 
glycine and with a mixture of L-amino acids, 5 to 
10 millimoles (approximately 1 to 2 grams) of 
L-arginine effectively reduced blood ammonia 
changes when the tendency to ammonia formation 
was not great. However, when the blood am- 
monia change was likely to be large, as much as 20 
millimoles (4 grams) of L-arginine was only par- 
tially effective. 

No toxicity was observed with L-arginine- HCl 
administration either as a 20 mM intravenous in- 
jection in three minutes or as an 180 mM (38 
grams) infusion over 120 minutes. L-ornithine: 
HCl was non-toxic when given as a 20 mM 
injection. 
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The rates of amino acid administration in these 
studies do not markedly differ from those of clini- 
cal intravenous alimentation. Infusion in an hour 
of a liter of typical 5 per cent protein hydrolysate 
(containing 6 grams of nitrogen with 4.2 grams as 
alpha amino nitrogen) to a 50 Kg. patient repre- 
sents a rate of 0.10 mM amino acid per Kg. per 
minute and is in the range utilized in these stud- 
ies. Giving a fairly complete amino acid mixture 
may have markedly different effects from those 
associated with an unbalanced mixture or a single 
amino acid. The major effect observed in these 
studies seems to be related to the presence or ab- 
sence of L-arginine. 

The presence of neoplasm in these subjects is 
not thought to alter the general application of these 
findings to man. The extent that hepatic disease 
will affect the response to amino acid administra- 
tion is uncertain. In our patient with conspicuous 
hepatic disease (W.M.), the ammonia rise de- 
veloped readily with glycine administration, and 
L-arginine was effective in reducing this rise. 
Kirk did not observe any marked difference from 
normal in the metabolism of orally administered 
glycine in patients with hepatic disease (19). 

Intravenous amino acid administration has been 
utilized as a liver function test (20-22) and in re- 
nal tubular function studies (10), and intravenous 
glycine has been proposed as a means of combating 
hypothermia (23). Purified amino acids given 
intravenously have been utilized in physiologic 
and nutritional studies in man. Such situations 
emphasize the need for recognition of the role of 
L-arginine. Although L-arginine may not be 
“essential” to the maintenance of nitrogen balance 
in healthy young adults fed an oral diet, it would 
seem to be important to regard L-arginine (or a 
related amino acid) as “essential” in the preven- 
tion of one aspect of intravenous amino acid tox- 
icity, that of excessive ammonia in the blood. 


CONCLUSIONS 


1. Marked blood ammonia rise and toxicity have 
been demonstrated in man with intravenous ad- 
ministration of glycine or an L-amino acid mixture 
free of L-arginine but complete in all the “essential” 
amino acids. 

2. The blood ammonia rise with intravenous 
amino acid administration appears to depend on 
the amount of amino acid and rate at which it is 
given, the ammonia-forming characteristics of the 
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amino acid(s) infused, and the state of nutrition 
of the host, particularly in relation to recent argi- 
nine intake. 

3. L-arginine was effective in reducing the blood 
ammonia rise and associated toxicity developing 
from these intravenous amino acid infusions. 
L-arginine may be given as a part of the infusion 
or by intravenous injection immediately or some 
hours prior to the amino acid administration. If 
amino acid administration and the blood ammonia 
rise are already underway, injection of adequate 
amounts of L-arginine will rapidly reduce the 
blood ammonia rise. 

4. The findings indicate that a functioning meta- 
bolic pathway, requiring L-arginine and consistent 
with the operation of the Krebs-Henseleit cycle, is 
an important metabolic route when large amounts 
of amino acids are administered to man. 
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The factors determining cardiac output in man 
are incompletely understood. In this light, recent 
studies on vasodepressor syncope in this labora- 
tory have suggested the presence in the upright 
subject of factors limiting the cardiac output re- 
sponse (1). In an attempt to investigate the na- 
ture of such factors, the present study on the ef- 
fects of drug induced tachycardia in recumbent and 
upright subjects was undertaken. Atropine was 
selected as the experimental drug because of its 
well known cardio-accelerator effects, which in re- 
cumbent subjects is associated with little or no al- 
teration in stroke volume. Additional observa- 
tions have been made on modifications of the re- 
sponse to atropine during the peripheral pooling 
of blood with venous occlusive tourniquets and 
during anti-gravity suit inflation. 


METHOD 


The subjects were normal male university students, 
with ages from 18 to 25 years. The cardiac output was 
determined by the dye dilution method of Hamilton, 
Moore, Kinsman, and Spurling (2), as modified by 
Doyle, Wilson, Lépine, and Warren (3). In all studies 
a steady state, as determined by constancy of arterial 
pressure and pulse rate on monitored records, was 
achieved before the time of cardiac output determina- 
tions. Stroke volume was calculated from the pulse 
rate during the interval of the cardiac output determina- 
tions. Arterial and central venous pressures were ob- 
tained by strain gauge and recorded on a photographic 
multichannel recording system. The fourth intercostal 
space 5 cm. below the angle of the sternum was the refer- 
ence point for all pressure determinations. Mean pres- 
sures were obtained electronically. A single balloon, 
half-body anti-gravity suit of the type reported by 
Beckman, Slaughter, and Wood (4) was employed in the 
studies of the effect of body compression. Inflation was 
maintained at 70 mm. Hg body pressure for five minutes 


1 This research was supported in part by the United 
States Air Force through the Air Force Office of Scien- 
tific Research and Development Command under con- 
tract No. AF18(600) 1542, by a research fellowship (Dr. 
Weissler) from the American Heart Association, and by 
a research grant (H-1217) and a Traineeship (Dr. 
Leonard) from the National Heart Institute, National 
Institutes of Health, Public Health Service. 


before cardiac output determinations were performed in 
the control and postatropine states. 

Mean circulation time and “central” blood volume was 
calculated by the Hamilton method from the dye dilution 
curves. Statistical analysis of the data was performed 
according to the methods described by Snedecor (5). 


RESULTS 


Effects of atropine in recumbent and passive erect 
postures 


Two groups of six subjects each were studied, 
one in the recumbent and the other in the passive 
posture tilted head-up at 60 degrees. In all stud- 
ies, control cardiac output determinations in the 
appropriate posture were made. Ten to fifteen 
minutes following the control determination, two 
milligrams of atropine sulfate were administered 
intravenously (catheter) over a one minute pe- 
riod, and cardiac output again determined one to 
three minutes after completion of the injection. 
In all subjects, tachycardia was in evidence at the 
time of this determination. In the studies per- 
formed with subjects tilted head-up at 60 degrees, 
the control and postatropine cardiac output deter- 
minations were performed during the same time 
intervals following assumption of the tilted posi- 
tion (usually three to six minutes). Arterial and 
central venous pressures were recorded continu- 
ously, except for interruptions during injection and 
collection periods. 

The data are summarized in Tables I and II. 
In the recumbent position, striking increases in 
cardiac index and pulse rate were noted. The 
mean stroke volume was not altered significantly 
from control values. A fall in central venous pres- 
sure was noted in the four subjects in whom it 
was studied. Mean arterial pressure tended to 
rise slightly. The reductions in calculated total 
peripheral resistance can be attributed predomi- 
nantly to the cardiac output changes. 

In contrast to the changes noted with the sub- 
ject in the recumbent position, the absolute and 
relative cardiac output elevations following atro- 
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TABLE I 
Effect of atropine on the cardiac index in recumbency and tilted head-up at 60 degrees 


Recumbent 60° head-up tilt 
Cardiac Cardiac 
index index 
L./min./M2 % change L./min./M2 


2.81 
5.19 + 85 


+ 56 


as 


+124 


=s 


+ 76 


wr 


sO 4 
eo RR 


PR PU PW Pw 
Noe 


SS 


p <0.01 


*B = Before atropine administration. 
A = One to three minutes after atropine administration. 


TABLE Il 
Hemodynamic effects of atropine administration in recumbency and tilted head-up at 60 degrees 


Recumbent 
Mean Central Mean 
Cardiac Heart Stroke arterial peripheral venous circulation 
output rate volume re resistance pressure time 
Subject (L./min.) (beats/min.) (ml.) ‘mm. Hg) (cm. H20) (seconds) 
60 82 5 18.8 
120 90 656 —2 11.0 


76 22.6 
80 15.7 


87 25.7 
83 20 16.9 


80 20.7 
93 808 14.1 


85 20.8 
94 15.5 


72 18.1 
120 16.4 


64 : 21.1 
108 7 3 14.9 


S.D.t 4.7 . 1.0 
p <0.01 <0.01 <0.01 <0.05 


J. M. 
J.G. 


D. M. 


A. Q. 


sme 
nua OF 


P. B. 


P.O. 


Sua on Ru 


° 
a SR BS 


Average 


* Dyne seconds times cm.~*. 
+B = Before atropine administration. 

A = One to three minutes after atropine administration. 
t Refers to standard error of the difference between means. 
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272 +17 

| iy +10 
0 
+24 
A +10 
>0.05 

volume 

(ml,) 
69 98 99 2,539 
2 «106 2,440 

2,169 
3,024 
1,770 
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TABLE 11—Continued 


60° head-up tilt 
Mean Total Central Mean “Central” 
Cardiac Heart Stroke peripheral venous circulation blood 
outpuc rate volume re resistance re time volume 
Subject (L./min.) (beats /min.) (mi.) mm. Hz) (units )* &. (seconds) (ml.) 
J.M B 5.36 74 72 92 1,371 0 23.8 2,128 
oes A 5.84 136 43 95 1,300 0 23.1 2,248 
eI 4.70 78 50 90 1,530 18.0 1,410 
‘ A 5.52 148 37 85 1,231 16.8 1,546 
ou 8 5.43 70 77 80 1,177 18.9 1,710 
eae A 5.96 138 43 80 1,073 16.5 1,639 
RK 8B 6.45 104 62 71 879 14.5 1,561 
A 6.45 168 36 69 854 20.2 2,174 
H.S B 3.68 94 39 81 1,759 0 20.1 1,233 
i A 3.58 152 24 85 1,846 -1 22.8 1,360 
j.c B 4.37 60 73 87 1,591 21.2 1,543 
wee A 5.41 132 41 88 1,299 16.0 1,444 
B 5.00 80 64 84 1,385 19.4 1,598 
Average 5.46 145 38 84 1/267 19.2 1735 
S.D.t 0.18 2.2 4.2 1.7 62 1.6 104 
p >0.05 <0.01 <0.01 >0.9 >0.1 >0.9 >0.2 


pine administration were significantly less in sub- 
jects in the passive erect posture (p < 0.01). 
The cardiac acceleration following atropine in this 
group was of greater relative and absolute mag- 
nitude, and the mean stroke volume fell signifi- 
cantly. Central venous pressure fell slightly in 
one of two subjects in whom it was studied. Mean 
arterial pressure and calculated peripheral re- 
sistance were not significantly altered. 

“Central” blood volume was significantly higher 
in the recumbent subjects (p < 0.05). Following 
atropine, the mean central blood volume rose in 
the recumbent group, but did not change signifi- 
cantly in the tilted subjects. 


Effects of anti-gravity suit inflation 


Four studies were performed in which cardiac 
output was determined successively tilted head-up 
at 60 degrees, in the same position during sus- 
tained anti-gravity suit inflation (70 mm. Hg body 
pressure for five minutes), and tilted head-up at 
60 degrees during sustained anti-gravity suit in- 
flation one to three minutes following the intra- 
venous administration of two milligrams of atro- 
pine sulfate. The data are summarized in Table 
III. 


Sustained anti-gravity suit inflation resulted in 
slight increases in cardiac output in three of the 
four subjects with significant increase in stroke 
volume and “central” blood volume (p < 0.05). 
The increases in cardiac output following atropine 
in the vertical posture during sustained compres- 
sion of the lower abdomen and lower extremities 
were significantly greater than the changes in 
cardiac output following atropine in the vertical 
posture alone (p< 0.01). The magnitude of 
these increases fell midway between those in the 
vertical and recumbent postures. 

The pulse rate, calculated stroke volume, and 
“central” blood volumes following atropine ad- 
ministration in the above subjects likewise fell 
midway between the results in the vertical and 
recumbent subjects. 


Effects of peripheral blood pooling 


In order to study a component part of the pos- 
tural reaction, the effect of peripheral pooling of 
blood was studied in five subjects. Blood pooling 
was produced by placing pneumatic cuffs high 
on three extremities and inflating to diastolic 
pressure levels. Cardiac output determinations 


were performed in the following sequence: 1) con- 
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TABLE III 
Response to atropine during head-up tilt as modified by anti-gravity suit inflation 


“Central” blood 
Heart rate Stroke volume volume 


beats/min. ml./beat ml. 


+62 +12 


+30 


ase 


+42 
<0.01 


* Refers to change from T plus G following atropine administration. 
tT = Tilted head-up at 60 degrees. 

G = During anti-gravity suit inflation. 

A = One to three minutes after atropine administration. 


TABLE IV 
The effects of peripheral pooling of blood on the response to atropine in recumbent subjects 


“Central” blood 
Cardiac index Heart rate volume 
L./min./M* beats/min. ml./beat mi, 
Cuffs Cuffs Cuffs Cuffs 
off on ff ff off on 


Cuffs 
off 


1,659 1,607 
2:169 2,027 


1,890 1,683 
2,565 2,197 


2,048 2,078 
2,622 1,947 


2,066 1,663 
2,120 2,030 


2,208 2,169 
2,500 2,026 


1,974 1,840 
2,395 2,045 


111 142 


= 
* 


= 
im 


aoe 


| 


Gh as 


me 
CA wan 
wn 

SS 


68 66 
112 126 


62 70 
120 136 


58 61 
115. 121 


0.20 3.2 2.5 5.0 5.5 
<0.05 <0.01 <0.01 <0.05 <0.01 <0.01 >0.2 


D.C. 


ae 


noo 


RN Nw we 


Sr 2S 28 28 

SA SS SS SO 
i 

mw OS wo 


as 


Average 


SFR BY BN 


S.D.t 


A 
S 
— 


*B = Before atropine administration. 
A = After atropine administration. 
+ S.D. refers to standard error of the difference between mean values. 
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Cardiac index 

Tt 2.85 80 67 1,491 — 

J.K. T+G 3.81 84 85 2111 
T+G+A 5.21 +37 136 

2.08 80 47 963 

P.R. T+G 2.66 62 78 1,460 
T+G+A 415 +56 108 +74 70 1495 +2 

T 2.59 88 55 1,387 Scat: 

D. M. T+G 3.01 79 72 1,640 ee 
T+G+A 440 +46 +72 1,803 +10 

T 2 75 68 1,615 oe. 

P.B. T+G 2, 63 77 1,750 a: 
T+G+A 2 104 +65 60 —22 1,969 +13 

T 2, 81 59 1,362 te 

Average T+G 2. 72 78 1,740 Sager 
T+G+A 4. 121 +68 66 107 +9 
p* <0.01 <0.01 <0.05 vee 

Subject 
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trol observations before cuff inflation, 2) during 
the tenth to twelfth minute of cuff inflation, 3) two 
to three minutes following atropine sulfate ad- 
ministration during a comparable period of cuff 
inflation, and 4) six to eight minutes after atropine 
administration, but following deflation of the cuffs. 
The atropine was administered intravenously in 
two milligram doses as in the previous studies. 
In this manner the effects of venous pooling on 
the hemodynamic alterations induced by atropine 
were ascertained. 

The data are summarized in Table IV. Sus- 
tained cuff inflation resulted in slight falls in 
cardiac index in four of the five subjects, and a 
slight decrease in stroke volume in all the sub- 
jects. Heart rate remained virtually unchanged 
while central venous pressure fell consistently. 
The “central” blood volume tended to be dimin- 
ished during cuff inflation. 

The effects of atropine when the pneumatic 
cuffs were not inflated were similar to the changes 
in the previous group of recumbent subjects. A 
comparison of the atropine effects before and dur- 
ing cuff inflation reveals a significant diminution 
in the cardiac output and stroke volume response 
during the peripheral pooling of blood (p < 0.01), 
associated with only slight differences in the de- 
gree of tachycardia. Central venous pressure fell 
consistently following atropine administration, the 
magnitude of these falls being less during cuff in- 
flation. The increases in “central” blood volume 
following atropine were of lesser degree during 
cuff inflation. 


x DISCUSSION 


Employing a variety of techniques, numerous 
investigators have reported that the cardiac out- 
put falls when man assumes the passive upright 
posture (6-8). On analysis in theory, these ob- 
served decreases in cardiac output might occur as 
the result of either reduced demands on the cir- 
culation, or limited ability of the heart to respond 
in the vertical stance. Oxygen consumption in 
the upright posture has been found to increase in 
most instances (7, 9), suggesting increased rather 
than decreased metabolic demands. If the dimin- 
ished cardiac minute volume during standing re- 
flects a limitation on the cardiac output in this 
position, a study of the response to an agent which 
ordinarily elevates cardiac output might serve to 
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illuminate this factor more clearly. Accordingly, 
the effect of atropine has been studied. Although 
there have been somewhat conflicting experimental 
data reported, it appeared clear that the effect of 
rather large doses of atropine given intravenously 
would significantly elevate the cardiac output of 
the human subject in the recumbent position (10- 
12). The control observations of the present 
study confirm this finding. 

The most striking feature of the observations 
reported here is that with the subject in the tilted 
position, atropine no longer elicits an increase in 
cardiac output. Furthermore, the failure of atro- 
pine to increase cardiac output in this position can 
be in part reversed by the application of anti- 
gravity suit compression. Similar reductions in 
the cardio-stimulatory effects of atropine are ob- 
served during the peripheral pooling of blood 
with venous occlusive tourniquets. Explanations 
for these phenomena must be considered. 

When man assumes the upright posture, there is 
a considerable shift of blood to the lower part of 
the body, and a depletion of the central venous 
reservoir (13, 14). The decline in cardiac output, 
observed under these conditions, is associated with 
a decreased pressure in the right atrium (15), and 
evidence indicative of a decreased rate of ventricu- 
lar filling (16). It is under these circumstances 
that tachycardia fails to produce an increased car- 
diac output. This observation is of particular in- 
terest in light of the suggestion that the central 
venous volume plays a strategic role as an imme- 
diate source of blood to sustain any sudden increase 
in cardiac output (14). In the recumbent posture, 
it would appear that more than adequate blood is 
available to meet the demands of a sudden tachy- 
cardia. Atrial pressure is relatively high and 
cardiac filling occurs rapidly. On assuming the 
upright position, the thoracic venous reservoir is 
depleted, ventricular filling is slower, and now 
stroke volume falls as the heart rate is suddenly 
increased. The capacity of the heart to increase 
its output becomes more directly dependent upon 
the systemic venous inflow. Under these circum- 
stances, factors which increase venous inflow by 
diminishing gravitational effects, such as body 
compression by the anti-gravity-suit, restore car- 
diac responsiveness. 

It is interesting to note that a higher pulse rate 
appears folowing atropine in the tilted individual, 
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as compared with the recumbent one. It would 
appear possible that the diminished stroke volume 
following atropine in the upright subjects could 
be related to the greater degree of tachycardia, the 
heart rate now being beyond an optimum level for 
ventricular filling. The observations on the ef- 
fects of blood pooling, however, demonstrate a 
similar response to atropine but without signifi- 
cant differences in heart rate. 

Consideration has been given to actions of 
atropine other than its effect on heart rate. It is 
possible, for instance, that atropine enhances 
peripheral blood pooling in the upright subject and 
in this manner further depletes the central reser- 
voir. Such a peripheral action of atropine has 
not been demonstrated to our knowledge. The ob- 
servations on the central blood volume and central 
venous pressure in the tilted subjects do not sup- 
port such a formulation. However, if additional 
pooling did occur in the upright subject it would 
fortuitously complement the design of these ex- 
periments and would not alter their interpretation. 

The atropine induced increases in cardiac out- 
put are primarily the result of rate alterations with 
practically no change in stroke volume. Other 
substances such as isoproterenol (Isuprel®) ap- 
pear to produce increases in cardiac output by a 
more direct action on the myocardium. Studies 
in this laboratory on the effects of isoproterenol 
have demonstrated only slight diminution in the 
cardiac output response to this agent with sub- 
jects in the upright position (17). These ob- 
servations would indicate that the limitations im- 
posed on cardiac responsiveness by a diminished 
central reservoir may in part be superseded by al- 
terations in ventricular dynamics. 

Although there has been considerable debate 
in the literature on the validity of the determina- 
tions of central blood volume from dye injection 
data, the changes in calculated central volume 
(“Q” value) in the upright posture, during anti- 
gravity suit inflation and with peripheral blood 
pooling, were generally consistent with those ex- 
pected from knowledge of the blood volume shifts 
induced in these situations (3). It is of particular 
interest that under the experimental situations 
when the cardiac output increased significantly, 
an elevated calculated central volume also ap- 
peared. The exact location between catheter tip 
and sampling site (including all temporally equi- 
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distant points) where this increase occurs un- 
fortunately cannot be ascertained by the present 
methods. It is of further interest that the meas- 
ured pressure at the point of dye injection (su- 
perior vena cava) consistently fell when the cardiac 
output and central volume increased. The exact 
meaning of these observations remains obscure 
at this time and their interpretation with respect 
to tke central venous reservoir thesis outlined 
above can only be speculative. It should be em- 
phasized, however, that the central reservoir of 
blood immediately available to the heart is prob- 
ably but one compartment in the so-called central 
blood volume calculated from dye injection data, 
and that each may change independently during 
hemodynamic alterations. Studies are presently 


in progress in an attempt to delineate better the 
nature of these pressure and volume phenomena. 


SUMMARY AND CONCLUSIONS 


1. The cardiac output response to tachycardia 
induced by the intravenous administration of atro- 
pine sulfate has been studied in twelve normal sub- 
jects in recumbency and tilted head-up at 60 de- 
grees. In four instances the effects of anti-gravity 
suit compression on the response to atropine in 
tilted subjects were studied. In five subjects the 
effects of peripheral venous pooling of blood on 
the response to atropine were also observed. 

2. Significant increases in cardiac output, pri- 
marily the result of increased heart rate with little 
change in mean stroke volume, occurred in re- 
cumbent subjects. Only slight elevation of cardiac 
index, despite even greater tachycardia associated 
with a fall in mean stroke volume, occurred in the 
tilted group. Similar results following atropine 
were observed during peripheral pooling of blood. 
Sustained anti-gravity suit inflation restored, in 
part, the cardiac responsiveness to atropine in 
tilted subjects. 

3. These data support the thesis that the central 
venous reservoir is an important determinant of 


cardiac responsiveness. 
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There has been some speculation concerning the 
importance of active constriction of the veins in 
the production of changes in the distribution of 
the blood volume in man (2). The veius are 
elastic and they undoubtedly exert some influence 
on blood volume distribution by their passive re- 
sistance to the distending force of intraluminal 
pressure. Recent observations show that forearm 
veins do constrict actively (3-8) in response to 
various stimuli. There is little direct quantitative 
information, however, to demonstrate that such 
a mechanism is capable of shifting significant 
amounts of blood out of the extremities. This 
study was undertaken to determine whether or not 
the venous constriction induced by epinephrine or 


norepinephrine infusion is sufficient to move im- 
portant quantities of blood from the limbs. 


METHODS 


The plethysmographic determination of forearm ve- 
nous volume requires the measurement of forearm ve- 
nous distensibility by the method of Litter, Wood, and 
Wilkins (7, 9). For making this measurement, the fore- 
arm segment is enclosed in a tall plethysmograph and 
water is added to a level such that the pressure on the 
arm is greater than venous pressure but less than dia- 
stolic arterial pressure. The arterial inflow continues 
and drives venous pressure to a height greater than that 
of the water column. The difference between the internal 
and external pressure is the effective venous pressure. 
Under these conditions this is a small positive value less 
than 1.0 mm. Hg—regarded for practical purposes as 
zero pressure (7). The venous volume at this effective 
pressure also is small and constant (10). After the limb 
is fixed, a pneumatic cuff about the arm proximal to the 
plethysmograph is inflated in 1.0 mm. Hg increments 


1 Read in part by title at the Forty-ninth Annual Meet- 
ing of the American Society for Clinical Investigation in 
Atlantic City, N. J., May 6, 1957 (1). 

2 Supported by a research grant (H-2644) from the 
National Heart Institute of the Public Health Service, 
and aided by a grant from the Iowa Heart Association. 


until the first perceptible increase in limb segment vol- 
ume occurs. From this point of zero effective pressure, 
an additional pressure of 30 mm. Hg is applied to the 
arm in 5.0 mm. increments. This raises effective pres- 
sure in the forearm segment veins from 0 to 30 mm. Hg 
by the same increments of 5.0 mm. The increase in fore- 
arm venous volume caused by each pressure increment 
is recorded (Figure 1). A pressure-volume curve is 
constructed by plotting each volume level achieved at 
inflow-outflow equilibrium, expressed in ml. per 100 ml. of 
forearm tissue, against the corresponding level of effective 
venous pressure (Figure 2). The curve so obtained is 
convex toward the volume axis. If venous distensibility 
decreases (Figure 2), a subsequent curve will fall below 
the control curve, nearer the pressure axis. Conversely, 
if venous distensibility increases, the subsequent curve 
falls above the control curve, nearer the volume axis. 
The final point on the curve, the volume which exists 
at an effective pressure of 30 mm. Hg, is termed arbi- 
trarily the venous distensibility. 

The pressure-volume curve obtained in this manner ex- 
presses the volume to which the forearm venous system 
is distended by any level of effective venous pressure be- 
tween 0 and 30 mm. Hg. Assuming that venous distensi- 
bility is the same in both arms, the natural venous vol- 
ume of the forearm segment is the volume coordinate 
of that point on the curve which corresponds to the nat- 
ural venous pressure (effective venous pressure) in the 
unencumbered forearm. This procedure for measurement 
of forearm venous volume was employed in a recent in- 
vestigation by Wood and Eckstein (6). 


PROCEDURES 


Twenty-four experiments were performed on 18 healthy 
men 23 to 28 years old. The subjects were studied in the 
supine position with room temperature maintained at 
80° F. They were nude except for shorts and a sheet 
covering the trunk and legs. The right forearm seg- 
ment was enclosed in the plethysmograph. The arm was 
placed in the most comfortable position after it had been 
determined that varying arm position with respect to 
heart level did not alter venous distensibility. The 
plethysmographic water temperature was 89° F. An ar- 
terial occluding cuff was applied to the wrist for inflation 
before each volume measurement. The arm cuff was 
placed so that increments of pressure did not alter the 
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position of the limb segment in relation to the plethys- 
mograph. Forearm volume changes were measured with 
a Statham 0 to 5.0 cm. Hg pressure transducer which 
sensed changes in the height of the water in a vertical 
cylinder attached to the top of the plethysmograph. The 
diameter of the cylinder was such that maximal volume 
increases within the plethysmograph raised the water 
level 1.5 to 2.0 cm. The maximal error in effective pres- 
sure produced by this displacement was about 1.5 mm. 
Hg. This occurred only at the peak of some volume rec- 
ords. Since the change in volume for a 5.0 mm. Hg in- 
crement in effective pressure was small near the end of 
the volume record (Figure 1), this maximal pressure 
error caused only a negligible error in the measurement 
of limb volume above the baseline. 

During the control period venous distensibility was 
measured intermittently in the right forearm. Simultane- 
ous venous pressure measurements were made in the left 
antecubital vein with a Statham 0 to 5.0 cm. Hg pres- 
sure transducer. Volume and pressure were recorded 
with a Sanborn direct-writing oscillograph. Arterial 
blood pressure was determined by means of a sphygmo- 
manometer between venous pressure measurements, with 
a cuff on the arm proximal to the needle. Pulse rate was 
determined by palpation of a peripheral artery. After 
values for venous distensibility, venous pressure, pulse 
rate and arterial pressure had become stable, epinephrine 
or norepinephrine was infused into a foot vein at a con- 
stant rate with a calibrated pump. Epinephrine chloride 
was delivered at either 7.5 or 15.0 wg. per minute. Nor- 
epinephrine bitartrate was delivered at 15.0 or 30.0 ug. per 
minute. The baseline venous volume of the forearm was 
recorded continuously during the initial portion of the 
infusion period. Occasional, very small reductions in 
baseline venous volume were noted, but none of these 
exceeded 0.1 ml. per 106 ml. of forearm tissue. Five to 


8J. E. Wood and J. W. Eckstein in 1956 found occa- 
sional reductions in the baseline venous volume which 


seven minutes of infusion were required for venous pres- 
sure, pulse rate and arterial pressure to become stable at 
new levels. After stabilization, one or two measurements 
of venous distensibility were made. The infusion then 
was stopped and intermittent observations were made un- 
til control values returned. In certain experiments the 
epinephrine infusion was repeated at the same rate and 
for the same duration as in the initial infusion period. 
In other experiments epinephrine was infused a second 
time with the same rate and for the same duration after 
a single intravenous injection of 5.0 mg. of the adrenergic 
blocking agent phentolamine methanesulfonate (Regi- 
tine®) 

Following the experiments, venous pressure-volume 
curves were constructed. The natural venous volume 
existing during each measurement of distensibility was 
obtained by drawing a line perpendicular to the pressure 
axis from the natural venous pressure value (Figure 2). 
The volume coordinate of the point at which this line 
intersected the curve was taken to be the natural venous 
volume. Control values for venous distensibility, volume 
and pressure are averages of the final three control 
measurements. Infusion values are single measurements 
obtained during epinephrine or norepinephrine infusion. 
If more than one set of measurements were made during 
infusion, the first set is reported. 
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ranged to 0.7 ml. per 100 ml. of forearm tissue when 
norepinephrine base was infused at 30.0 ug. per minute 
(11). 

4 Supplied by Ciba Pharmaceutical Products, Inc. 
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RESULTS 


Epinephrine infusion with left forearm at atrial 
level 


In the first group of eight experiments (Table 
I) epinephrine was infused first at 7.5 pg. per 
minute and repeated at 15.0 yg. per minute after 
control values had been reestablished. In each 
experiment venous distensibility decreased and ve- 
nous pressure increased during the infusion pe- 
riods. Venous distensibility averaged 3.9 ml. per 
100 ml. of forearm tissue during control periods, 
and fell to an average of 3.2 during infusion at 7.5 
pg. per minute. At an infusion rate of 15.0 yg. 
per minute the average value fell to 2.8 ml. per 
100 ml. Venous pressure averaged 7.2 mm. Hg 
during control periods, rose to an average of 8.9 
at an infusion rate of 7.5 pg. per minute and rose 
still further to an average of 10.0 at an infusion 
rate of 15.0 yg. per minute. In many instances the 
pressure-volume curves obtained during epineph- 
rine infusion fell very close to the control curves 
for the first 10 to 15 mm. Hg increase in effective 
venous pressure (Figure 2). Beyond these levels 
the epinephrine curve moved away from the con- 
trol curve toward the pressure axis. The natural 
pressure in the veins with the arm at atrial level 
(10.0 cm. above the back) often increased out of 
proportion to the decrease in venous distensibility 
so that at times blood appeared to shift into the 
forearm during epinephrine infusion. This rela- 
tionship between pressure and distensibility with 
the arm at atrial level resulted in small, direction- 
ally inconsistent changes in natural forearm ve- 
nous volume with infusions of 7.5 or 15.0 pg. per 
minute. There was essentially no change from 
the average control value of 1.6 ml. per 100 ml. of 
forearm tissue at either infusion rate. 


Epinephrine infusion with left forearm dependent 


In order to examine further and to quantitate 
more satisfactorily the volume shift of blood from 
the forearm veins which could be expected (on the 
basis of the preceding experiments) at higher nat- 
ural venous pressure levels, the routine was 
changed in the second group of 11 experiments 
(Table II). Epinephrine was infused only at 15.0 
pg. per minute and venous pressure was measured 
with the forearm approximately 14 cm. below 
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TABLE II 
Forearm venous responses to epinephrine infusion—Forearm dependent 


Epinephrine 
15.0 ug./min. After epinephrine 


Venous Venous 
Venous Venous Venous distensi- Venous Venous distensi- Venous 
volume pressure bility volume pressure bility volume 


mm. Hg mi./100 ml. ml./100 ml. mm.Hg mil./100 ml. ml./100 ml. mm. Hg mi./100 ml. ml./100 ml 
4.2 


~ 


S OW 
DAK HWW 
PWWHP 
CO OF 


Standard 
deviation 1.92 


~ 
S 
~ 
n 
~ 


0.38 


atrial level. Again venous distensibility decreased control periods and fell to an average of 2.4 during 
and venous pressure increased in each experiment the infusion. Venous pressure averaged 19.0 mm. 
during the infusion. Venous distensibility aver- Hg during control periods and increased to an 
aged 3.7 ml. per 100 ml. of forearm tissue during average of 23.0 during the infusion. In each of 


these experiments, in which natural venous pres- 
sure was in the physiologic range existing normally 
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in dependent forearms, the relationship between 

venous distensibility and pressure was such that i 
epinephrine infusion resulted consistently in a 
shift of blood out of the forearm veins (Figures 3 
and 4). The average venous volume during con- 
trol periods was 3.0 ml. per 100 ml. of forearm 
tissue and fell to 2.0 during epinephrine infusion— 
an average volume shift of 33 per cent. 


? 


ml./100 ml. ml./100 ml. 


mm. Hg 


Norepinephrine infusion with left forearm de- 
pendent 


In five experiments (Table III), norepineph- 
rine bitartrate was infused at 15.0 wg. per minute 
and repeated at 30.0 wg. per minute after control 
values had been reestablished. Venous pressure 
was measured with the left forearm approximately 
14 cm. below atrial level. Venous distensibility 
decreased and venous pressure increased in each 
case during the infusion. Venous distensibility 
averaged 3.9 ml. per 100 ml. of forearm tissue 
during control periods and fell to an average of 
3.4 during infusion at 15.0 yg. per minute and to 
an average of 2.3 at an infusion rate of 30.0 yg. 
per minute. Venous pressure averaged 18.3 mm. 
Hg during control periods, rose to an average of 
22.2 at an infusion rate of 15.0 wg. per minute, 
and rose still further to an average of 25.4 at an 
infusion rate of 30.0 ug. per minute. The venous 
volume averaged 3.1 ml. per 100 ml. of forearm 
tissue during control periods and feli to an average 
of 2.8 at an infusion rate of 15.0 wg. per minute. 
At an infusion rate of 30.0 wg. per minute the aver- 
age venous volume fell to 2.0 ml. per 100 ml.—an 
average volume shift of 35 per cent. 
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Forearm venous responses to norepinephrine infusion— Forearm dependent 


Comparison between venous responses to epineph- 
rine and norepinephrine infusions 


ml./100 ml. 


The venous responses to epinephrine chloride in- 
fusion at 15.0 wg. per minute and the venous re- 
sponses to norepinephrine bitartrate infusion at 
30.0 wg. per minute may be compared since these 
infusion rates provide approximately equivalent 
amounts of sympatheticomimetic amine bases and 
since both groups of experiments were carried out 
with the forearm dependent (Tables II and III). 
Epinephrine infusion caused an average increase 
in venous pressure of 3.9 + 1.19 mm. Hg, while 
nor-pinephrine infusion caused an average venous 
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TABLE IV 
Forearm venous responses to epinephrine infusion—Effects of repeated epinephrine infusion 


Epinephrine 
15.0 pg./min. 


Venous 
volume 


Venous 
distensi- 
bility 


Venous 
volume 


ml./100 ml. ml./100 ml. 


Standard 


deviation 1.42 


ml./100 ml, ml./100 ml. 
2.8 


ml.{100 ml. ml./100 ml. mm. Hg 


2. 
2 

3. 
1. 
1. 
2. 
2. 


0. 


pressure increase of 7.2+1.31. Epinephrine 
caused an average decrease in venous distensibility 
of 1.3+ 0.53 ml. per 100 ml. of forearm tissue, 
while norepinephrine caused an average decrease 
of 16+ 0.55. Epinephrine caused an average fall 
in venous volume of 1.0 + 0.46 ml. per 100 ml., 
while norepinephrine caused an average fall of 
1.1+0.45. Despite the fact that norepinephrine 
caused a much greater rise in venous pressure than 
did epinephrine, the venous volume changes pro- 
duced by these two materials were very similar 
since the slightly greater fall in venous distensi- 
bility with norepinephrine was sufficient to over- 
come the effect of the greater increase in distend- 


ing pressure. 


Epinephrine infusion repeated with and without 

prior administration of phentolamine 

In six experiments, the epinephrine infusion 
was repeated at the same rate and for the same 
duration as the initial infusion. The venous pres- 
sure, distensibility and volume responses to epi- 
nephrine were found to be reproducible during 
repeated infusion (Table IV). In eight other ex- 
periments, the epinephrine infusion was repeated 
under the same conditions after a single intra- 
venous injection of 5.0 mg. of phentolamine. In 
each case the decrease in venous distensibility and 
the increase in venous pressure were much less 
when epinephrine was infused after phentolamine 
administration (Table V). In the three phentola- 


TABLE V 
Forearm venous responses to epinephrine infusion—Effects of repeated epinephrine infusion after phentolamine 


Control 


Repeat epinep 
15.0 ug./min. 
(after phentolamine) 


Venous 
distensi- 
bility 


Venous 
volume 
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volume pressure bility volume 
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mine experiments (Nos. 10, 13 and 14) in which 
venous pressure was measured with the forearm 
dependent, the phentolamine likewise appeared to 
prevent the fall in forearm venous volume which 
had been produced regularly by epinephrine in- 
fusion alone (Figure 4). 

The reduction in the venous responses to epi- 
nephrine infusion following phentolamine adminis- 
tration are probably due to the adrenergic block- 
ing action of the latter drug rather than to its 
direct vasodilating action (12), since in two ex- 
periments phentolamine administration (5.0 mg.) 
alone caused no change in venous distensibility. 


DISCUSSION 


The peripheral venous system may be considered 
an extension of the central vascular reservoir 
(great veins and pulmonary vessels) from which 
blood is pumped by the heart. The volume and 
pressure within the central reservoir are important 
determinants of the cardiac output, and under 
steady conditions they are in equilibrium with it. 
An increase in cardiac output must be associated 
with a pressure-volume readjustment within the 
reservoir which increases the availability of blood 
to the heart. Such a readjustment also must re- 
quire a reduction in capacity of the peripheral ve- 
nous system and a shift of blood centrally, i.e., an 
increased venous return. Of the many factors in- 
volved in the regulation of venous return, prob- 
ably the least is known about the quantitative im- 
portance of active venous constriction. Since the 
veins probably contain at least 75 per cent of the 
blood volume (2), even a relatively slight amount 
of venous contraction might be expected to move 
appreciable amounts of blood. 

If one assumes that the pressure-volume re- 
sponses of the veins of the arms and legs are simi- 
lar, it becomes possible to estimate the total amount 
of blood shifted out of the extremities by the ve- 
nous constriction caused by epinephrine and nor- 
epinephrine infusion. Litter and Wood (10) 
found the average vascular volume of the leg of a 
supine subject (effective venous pressure about 
8 mm. Hg) to be approximately 3.5 ml. per 100 
ml. of leg tissue. If the average volume of each 
upper extremity is four liters (10) and each lower 
extremity 13 liters (13), the average total blood 
volume of the four limbs would be approximately 
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1,200 ml. This value is in agreement with that of 
Ebert and Stead (14), who found the average 
blood volume of one upper and two lower extremi- 
ties to be 900 ml. Litter and Wood (9) also found 
that at an effective venous pressure of 30 mm. Hg 
the average venous volume of the leg was 4.75 ml. 
per 100 ml. We found that at an effective venous 
pressure of 30 mm. Hg, the average venous vol- 
ume of the forearm was 3.7 ml. per 100 ml. (Table 
I). Sjéstrand (15) pointed out that an average 
of more than 600 ml. of blood was shifted from the 
lower extremities when standing subjects assumed 
the reclining position. Furthermore, Ebert and 
Stead (14) found that an average of 720 ml. of 
blood could be pooled in one upper and two lower 
extremities by venous tourniquets. From these 
figures it is apparent that the venous volume of 
four dependent extremities probably exceeds 1,500 
ml. Under the conditions of our experiments, epi- 
nephrine and norepinephrine infusions caused 
shifts of blood out of the forearm which averaged 
34 per cent. Based on the observations cited 
above, this shift in terms of the four extremities 
would amount to more than 500 ml. This quantity 
of blood, returned from the limbs alone, would 
represent an appreciable fraction of the estimated 
normal central blood volume, which is probably 
less than 1,200 ml. (16). 

Our contention that much of this blood shifts 
centrally is supported by the work of Ranges and 
Bradley (17), who found increases in right atrial 
pressure in man following administration of epi- 
nephrine; and by the observations of Bondurant, 
Hickam, and Isley (18), who found increases in 
central venous pressure in man during norepineph- 
rine infusion. Furthermore, Rashkind, Lewis, 
Henderson, Heiman, and Dietrick (19) found an 
increase in the volume of a central venous reser- 
voir (which collected the total venous return) in 
dogs in response to the administration of epineph- 
rine and norepinephrine. Freis and Rose (20) 
also demonstrated an increase in central reservoir 
volume and an associated increase in right ven- 
tricular output during the administration of nor- 
epinephrine to dogs. Peripheral venous constric- 
tion, with the resulting increase in venous return, 
may contribute to the increase in cardiac output 
observed in normal man during epinephrine infu- 
sion (21) and in dogs in early experimental hemor- 
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rhagic shock during treatment with norepinephrine 
(22). 

Wood, Litter, and Wilkins (7) demonstrated 
that reductions in forearm venous distensibility are 
present in patients with congestive heart failure 
who have elevated venous pressure. This re- 
duction in distensibility, compared with values 
observed in compensated patients, averaged 1.5 
ml. per 100 ml. This diminution in venous disten- 
sibility in a chronic condition corresponds closely 
with our reduction values of 1.3 and 1.6 ml. per 
100 ml. for epinephrine and norepinephrine ef- 
fects, respectively, during acute administration. 
In the experimental situation with these two hor- 
mones, the shift of blood out of the extremities, 
presumably centrad, probably serves to augment 
the cardiac output. From a teleologic standpoint, 
it appears that the same venous response would 
be generally desirable in congestive heart failure, 
inasmuch as the primary physiologic abnormality 
is a subnormal! cardiac output. However, in the 
severe pulmonary vascular engorgement, associ- 
ated with acute left ventricular decompensation, it 
might aggravate the abnormality. Venisection or 


application of tourniquets to the extremities prob- 
ably relieves the emergency situation by diminish- 
ing the effectiveness of this natural venomotor 
response in the presence of a normal right ven- 
tricular myocardium. 


SUMMARY 


Forearm venous distensibility, pressure and 
volume were measured during 24 experimental 
sessions in man before and during epinephrine in- 
fusion, during epinephrine infusion following phen- 
tolamine administration, following phentolamine 
administration alone, and before and during nor- 
epinephrine infusion. The following observations 
were made: 

1. Forearm venous distensibility decreased while 
venous pressure increased during epinephrine in- 
fusion in each of 19 experiments. Epinephrine in- 
fusions repeated under the same conditions pro- 
duced quantitatively similar venous pressure and 
distensibility responses in each of six experiments. 

2. These epinephrine responses were smaller in 
each of eight experiments when phentolamine was 
administered prior to repetition of the epinephrine 
infusion. In two other experiments there was no 
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change in venous distensibilit, when phentolamine 
was administered alone. 

3. Norepinephrine caused a much greater rise 
in venous pressure and a slightly greater fall in 
venous distensibility than did epinephrine in com- 
parable doses. 

4. With subjects at rest in the supine position 
with the forearm at atrial levels, epinephrine pro- 
duced only small inconsistent changes in forearm 
venous volume. 

5. When the forearm was dependent, both epi- 
nephrine and norepinephrine infusions regularly 
caused large shifts of blood of comparable magni- 
tude out of the forearm veins. It is suggested that 
such venous volume shifts from the dependent ex- 
tremities in man’s upright position to the central 
venous reservoir may be important in augmenting 
the cardiac output at times of physiologic need. 
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Studies of small molecules in plasma have indi- 
cated the importance of defining concentrations in 
terms of both “unbound” and “total.” For ex- 
ample, McLean and Hastings (1) showed calcium 
was both bound and free in plasma, but that the 
free form was regulatory in the body. Further, 
Davis (2) found it was the unbound concentra- 
tions of the sulfonamides in the plasma which were 
active. In addition to these, cholesterol, fatty 
acids, bilirubin, estriol, chloride and many others 
have been observed to bind with various affinities 
to the plasma proteins [see review by Surgenor 
(3)]. | 

The amino acids in blood may be considered to 
exist in one or more of the following forms: 

a) combined into proteins or other substances 
by covalent linkages (peptide bonds and pos- 
sibly other stable bonds). 

b) combined with proteins or other substances 
by weak forces. 

c) present within the various formed elements 
of the blood (erythrocytes, leucocytes, plate- 
lets). 

d) present in plasma as individual unbound 
molecules. 

The unbound plasma amino acid concentrations 
have been considered as the concentrations present 
in form d), and have been measured experi- 
mentally after equilibration at nearly physiological 
condition of pH of freshly prepared plasma across 
cellophane membranes known to be freely perme- 
able to the amino acid molecules. Many of the 
earlier estimates have failed to remove completely 
the formed elements of the blood to exclude form 
c), or have involved long durations of manipula- 
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(Massachusetts Division) Inc., The American Cancer 
Society, Inc. (through its instituticnal grant to Harvard 
University), and the National Cancer Institute of the 
United States Public Health Service of the Department 
of Health, Education and Welfare (C-2497). 


tion and/or temperature changes so that proteo- 
lytic and other enzymes may have produced 
changes in the concentration of unbound amino 
acids. 

The total free plasma amino acid concentrations 
may be considered to be the concentrations pres- 
ent in forms b) and d), and have been measured 
experimentally after precipitation of freshly pre- 
pared plasma by agents such as trichloroacetic 
acid, picric acid, and phosphotungstic acid. These 
substances cause large changes in pH, and denatu- 
ration of some or all of the proteins present. 

In this report, a method is described for meas- 
uring the amino acid levels in the unbound form 
d). Employment of nonwettable surfaces for 
blood collection, immediate cooling of the speci- 
mens, early cold centrifugation, rapid dialysis, and 
avoidance of changes in pH or other destructive 
steps in the analysis of the dialysates are believed 
to be necessary for this purpose. 

Concentrations of the amino acids are deter- 
mined by paper chromatography. In order to se- 
cure satisfactory chromatograms, the developing 
solvents are saturated with buffered sodium chlo- 
ride and the papers are pretreated with salt. Un- 
der these conditions, the physiological salts of 
the plasma do not interfere with chromatography. 
A desalting step with its possible destructive effect 
is avoided. Salt-saturated developing solutions 
have been reported previously (4), but the use of 
such solvents with salt-treated papers does not ap- 
pear to have been published. 


METHODS 
Preparation of protein free concentrates 


A syringe and needle treated to make their surfaces 
nonwettable (5) and containing one-third ml. of heparin 
solution (1,000 U.S.P. units per ml.) are used to collect 
25 ml. of blood. The blood is placed immediately in a 
vinyl plastic bag which is submerged in ice water for 
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prompt transportation to the laboratory. The plasma 
is separated by centrifugation in a refrigerated centrifuge 
at 1,750 times gravity for 40 minutes and removed from 
the bag by compression. Ten ml. is dialyzed at 2° C. for 
two hours against 65 ml. of distilled water, using the thin 
layer technique of Seegers (6). A sealed glass tube, 
which is weighted with lead pellets and placed inside the 
dialysis bag, is 16 mm. in outside diameter and 215 mm. 
in length. The dialysis membrane is Nojax Casing, size 
23/32, obtained from the Visking Corporation, Chicago, 
Illinois. This arrangement produces a layer of plasma 1 
to 2 mm. thick. Agitation is accomplished by suspend- 
ing the membrane from a stirring motor assembly con- 
trolled to alternate between 30 second periods of rota- 
tion at 90 r.p.m. and equal periods of nonrotation. 
This method of agitation was suggested by Dr. N. A. 
Saroff, Naval Research Institute, Bethesda, Maryland. 
Following the dialysis, the dialysate is stirred for 10 min- 
utes with 1 ml. of wet, mixed anion exchange resin, 
Rohm and Haas XE-114, mesh size 50-100, of which one 
part is the ethylenediaminetetraacetate salt and three parts 
are the chloride salt. This step reduces distortions of 
some of the amino acid zones on the chromatograms, pre- 
sumably through removal of bivalent cations. It has been 
found not to remove any of the amino acids. 

Sixty ml. of the dialysate is then concentrated to dry- 
ness from the frozen state. At this point the residue may 
be safely stored at -- 10° C. For applications to the 
papers the residue is dissolved in 0.4 ml. of water. The 
solution volume with this amount of water is found to 
be approximatey 0.43 ml. for dialysates derived from 
normal plasma. 


Pretreatment of papers 


Whatman No. 1 and Whatman No. 4 papers, size 18% 
by 22% inches, are used. The pretreatment consists of 
dipping the papers in a borate buffer solution, pH 8, 
containing 3.5 Gm. H,BO,, 0.25 Gm. NaOH, and 30 Gm. 
NaCl per liter of water and suspending the papers in a 
nonwrinkled condition to dry. Manipulation of the wet 
papers is facilitated by attaching one end to a wooden 
clamp consisting of two slats (1 by 1 by 24 inches) held 
together by two bolts and winged nuts. 


Application of dialysate concentrates and standard 
solutions to the papers 


One dimensional chromatograms are run in the long 
direction of the paper. A separate paper is prepared for 
each staining reagent except Sakaguchi’s. This reagent 
is applied to the chromatogram developed for and stained 
with Ehrlich’s reagent after the results of the latter test 
have been recorded. The pretreated papers are placed 
in a support to facilitate applications of the amino acid 
solutions (7). These are applied to the papers with a 
3 wl. pipette in an arrangement similar to that used for 
quantitative analysis by McFarren and Mills (8), ex- 
cept that aliquots of 3, 6 and 12 yl. of the unknown, and 
aliquots of 3, 6, 9, and 12 ul. of the standard solution are 
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TABLE I 


Composition and chromatographic characteristics of 
the amino acid mixture 


Alanine 
Allantoin 
a-amino n-butyric 
Arginine 
Asparatate 
Citrulline 
Cystine 
Glutamate 
Glutamine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Ornithine 
Phenylalanine 
Proline 
Serine 
Taurine 
Threonine 
Tryptophan 
Tyrosine 
Urea 
Valine 
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* This amino acid frequently splits into two zones in this 
solvent. 


used. The composition of the standard solution is listed 
in Column A of Table I. 


Development 


After the applications have been made, the papers are 
hydrated by placing them in a cold room until they have 
adsorbed enough moisture to make them feel damp. 
Following hydration, the papers are immediately placed 
in chromatographic chambers prepared for each solvent, 
as indicated below, and descending development started. 
The preferred solvent for determining each amino acid 
is listed under the heading Staining Techniques. The 
solvents used are prepared as follows: 

Solvent A. Isopropanol, reagent grade, is mixed with 
borate buffer solution of the same composition as used 
for pretreatment of the papers in the ratio of volumes 
80:20. Solid sodium chloride is then added with agita- 
tion until a small amount of salt remains undissolved 
in the bottom of the flask. The organic layer is de- 
canted, part is poured over adsorbent papers attached to 
the sides of the chamber to hasten saturation of the 
vapor phase, and the remainder is used for development 
of chromatograms. It has been found advantageous to 
start development immediately after the solvent has been 
poured over the papers on the sides of the chambeis. 

Solvent B. Liquified phenol (Mallinckrodt, Gilt Label) 
is mixed with borate buffer solution and concentrated 
ammonium hydroxide in the volume ratios of 90.5: 9: 0.5. 


— 
Standard Rr values ee 
solution 
mM/L. Solvent A Solvent B es 
(A) (B) (C) 
: 
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The solvent is saturated with sodium chloride and the 
organic layer is decanted for use in development. With 
this solvent, improved chromatograms are obtained by 
saturating the vapor phase in the chamber with water 
rather than with the developing solvent. This is ac- 
complished by covering the bottom of the chamber with 
water. 

The migration rates (Rr values) of amino acids and 
several other substances in these solvents are listed in 
Columns B and C of Table I. Solvent A is the more 
stable of the two and gives the more reproducible results. 
It is used in preference to solvent B when choice permits. 


Staining techniques 


After development, the papers are dried in a mechani- 
cally vented oven at 60° C. prior to staining. 

Ninhydrin-collidine reagent. This stain is prepared by 
dissolving 0.5 Gm. of ninhydrin in 100 ml. of a mixture 
of acetone, glacial acetic acid, lactic acid (85 per cent), 
methylcellosolve, water and collidine (2,4,6-trimethyi- 
pyridine) in the volume proportions 66: 9.5: 0.5: 10: 10: 4, 
respectively. The collidine is added immediately before 
use. The papers are dipped in this reagent and heated at 
60° C. for 15 minutes for color development. The lactic 
acid enhances the ninhydrin stain, and the collidine causes 
color contrast in the stains of the amino acids (9). 
The following amino acids or combination of amino acids 
are determined by this reagent: 

Alanine, arginine, glutamic acid, glutamine, lysine, 
ornithine, threonine and a combined value for serine and 
glycine are determined on a Whatman No. 4 paper de- 
veloped for 64 hours in solvent A. 

Glycine is determined on a Whatman No. 1 paper de- 
veloped for eight hours in solvent B. 

a-amino n-butyric acid, isoleucine, leucine and a com- 
bined value for methionine, tryptophan and valine are de- 
termined on a Whatman No. 1 paper developed for 16 
hours in solvent A. A corrected value for valine is ob- 
tained by subtracting the tryptophan and methionine 
values found with the special reagents described below. 

Special reagents. The low plasma concentration of 
some amino acids and the low staining intensities of 
others with the ninhydrin-collidine reagent makes it 
desirable to use more sensitive staining reagents for 
their determination. These tests are run on Whatman 
No. 1 papers developed for 16 hours in solvent A. 

Histidine and tyrosine are determined by Pauly’s rea- 
gent as modified by Bolling, Sober, and Block (10). 

Tryptophan and urea are determined by Ehrlich’s rea- 
gent as modified by Smith (11). Allantoin is also stained 
by this reagent and its color appears occasionally in some 
analyses. 

Arginine may be determined by Sakaguchi’s reagent as 
modified by Acher and Crocker (12). This is sometimes 
helpful because arginine is in low concentration in plasma 
and cannot always be determined by the ninhydrin-collidine 
reagent. When this occurs, Sakaguchi’s reagent is ap- 
plied over the stain of Ehrlich’s reagent, making it un- 
necessary to prepare an additional paper. 
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Proline, phenylalanine and tyrosine are determined by 
isatin, using a modification of the method of Saifer and 
Oreskes (13). Five-tenths Gm. isatini is dissolved in a 
mixture of acetone, acetic acid and water in the volume 
proportions of 88: 4:8, respectively. The paper is dipped 
in this reagent and heated for one hour at 60° C. for 
color development. Colors from other amino acids do not 
interfere under these conditions. The tyrosine values de- 
termined by this reagent are usually averaged with those 
obtained by Pauly’s reagent. 

Methionine is determined by the platinun reagent of 
Toennies and Kolb (14). Cystine is also observed when 
this reagent is used, but elongation of its zone with oc- 
casional splitting into two zones makes its determination 
inexact. 


Quantitation 


The amounts present on the chromatograms are de- 
termined visually by comparison of the size and inten- 
sities of the zones of the unknowns with those of the 
standards. The values observed are multiplied by 1.04 
to compensate for losses occurring during analysis. The 
principal loss is the amount absorbed on the dialyzing 
membrane. 

An alternate method of quantitation is to measure the 
maximum intensities of the zones on the paper photo- 
metrically, as described by Block, Durrum, and Zweig 
(15). This method in general is not recommended for 
the present types of chromatograms. Whereas its ac- 
curacy is comparable to that obtained visually for amino 
acid zones of high intensity, it is less accurate for weakly 
pigmented or irregular zones. Further, the variation 
in color of zones brought out by the ninhydrin-collidine 
and special reagents complicates photometry by re- 
quiring measurements at a diversity of wavelengths. 
Such color differences assist visual evaluation by clearer 
delineation of the zones. Photometry is also slower. 
For example, chromatograms from 14 dialysates require 
approximately 40 hours for photometric analysis, whereas 
visual analysis can be accomplished in 6 to 8 hours. 


RESULTS AND DISCUSSION 


Amino acid binding to non-dialyzable molecules in 
plasma 


Amino acid binding was measured by recovery 
studies. A fresh sample of plasma was divided 
into 14 parts. Three parts were analyzed to es- 
tablish the amino acid concentrations in the origi- 
nal plasma and 11 parts were analyzed after vari- 
ous mixtures of amino acids had been added. Re- 
coveries were calculated and the data shown in 
Table II. With the exception of tryptophan and 
glutamic acid, no significant difference is indi- 
cated between the calculated values and the 
amounts found (p > 0.06). It should be noted 


UNBOUND AMINO ACID CONCENTRATIONS IN 


HUMAN PLASMA 


TABLE 
Recvvery of amino acids added to piasma 


Total 
Average amounts Total 


amounts calculated amounts Standard Coefficient of Per cent 
3 deviation variation 


Alanine 133 352 350 18.0 5.2 99 
a-amino n-butyric acid 16 30 29 2.4 8.5 96 
Arginine 32 105 106 10.0 9.4 105 
Glutamic acid 72 72 89 5.6 6.3 131 
Glutamine 215 870 880 54.3 6.2 105 
Glycine 111 293 303 22.4 74 109 
Histidine 53 142 153 91 5.9 120 
Isoleucine 32 87 85 7.8 9.2 92 
Leucine 48 144 134 7.7 5.8 81 
Lysine 70 228 240 19.3 8.1 117 

ethionine 16 34 32 5.8 18.0 87 
Ornithine 65 140 135 14.8 11.0 92 
Phenylalanine 27 68 70 8.4 12.0 106 
Proline 75 167 162 14.0 8.7 92 
Threonine 70 170 166 17.9 10.8 94 
Tryptophan 28 28 7 18.0* <28 
Tyrosine 37 87 81 8.0 10.0 83 
Valine 96 248 243 9.7 4.0 95 
Serine and glycine 161 507 510 35.7 7.0 101 
Urea 2,136 6,320 6.440 354.0 105 


* Calculated from other data. 


that the amount of amino acids added averaged Tryptophan showed distinct binding. Approxi- 
only 40 per cent of the total present. Recoveries mately 70 per cent of the added tryptophan was 
calculated for these added amounts reflect experi- absent from the dialysate, but could be recovered 
mental variation two and one half times larger than from the solution inside the bag if the proteins 
if recoveries had been calculated on the total were precipitated with trichloroacetic acid. This 
present. observation explains the low tryptophan values 


TABLE Ill 
Comparison of amino acid concentrations in plasma obtained by two techniques 


Values by rapid dialysis and salt- 
saturated chromatography solvents 


Values from Stein 
and Moore (16)* 


Range 


2M/L, 
Alanine 15 320 200-450 383 338-418 


a-amino n-butyric acid 15 20 10- 30 29 21- 34 
Arginine 15 68 50- 96 87 70-111 
Glutamic acid 15 <20 0- 25 48 29-- 78 
Glutamine 15 450 320-780 
Glycine 13 235 140-290 205 178-231 
Histidine 15 88 60-110 74 51- 95 
Isoleucine 14 57 35- 90 68 52-100 
Leucine 15 79 50-105 129 108-175 
Lysine 10 143 105-190 186 171-207 
ethionine 13 28 10- 45 25 22- 29 
Ornithine 5 58 46-7 55 47- 61 
Phenylalanine 14 56 35- 75 51 42- 58 
Proline 15 142 100-180 205 160-292 
Serine and glycine 15 320 270-390 312 274-340 
Taurine 2 10 0- 20 44 33- 66 
Threonine 15 135 100-180 117 102-144 
Tryptophan 11 21 14- 26 
Tyrosine 15 70 35- 90 57 48- 80 
Valine 15 174 110-220 246 202-317 


* Converted from mg. per 100 ml. 


: 
1675 
al 
. 
uM/L. uM/L. uM/L. 
‘ 
: 
° 
No. Mean Range Mean i (pee. 
= 
cs 


1676 RAPIER H. MCMENAMY, CHARLES C. 


obtained in the plasma analyses of the next section. 

Glutamic acid was found only in those speci- 
mens to which it had been added. However, as 
shown by the table, the amount found was in ex- 
cess of the amount added. This excess corre- 
sponds to a concentration of 17 »M in the original 
plasma, a value which is reasonable because con- 
centrations less than 20 »M generally cannot be 
determined by the procedure used. 

These recovery studies indicate that except for 
tryptophan the amino acids are not reversibly 
bound to the large molecules of plasma. It is pos- 
sible that binding does occur between amino acids 
and small dialyzable molecules. However, chro- 
matography of dialysates at neutral pH in a much 
concentrated form showed no characteristic varia- 
tion of the Ry value of any amino acid and sug- 
gests that binding with smaller molecules prob- 
ably does not occur to any appreciable extent. 

Equilibrium binding studies will not indicate 
degradations of labile complexes when these oc- 
cur irreversibly. Since such degradations are 
more likely to occur under acid conditions and least 
likely to occur at neutrality, analyses by both 


methods are compared in the next section. 


Unbound amino acid levels in normal fasting 
plasmas 


Fifteen normal, fasting plasmas were analyzed 
by methods described above and the results re- 
ported in Table III. For comparison, Stein and 
Moore’s results of plasma from five fasting normal 
subjects, analyzed by picric acid deproteiniza- 
tion and a resin column effluent technique, are in- 
cluded (16). In addition to the amino acids listed 
in the table, Stein and Moore reported determina- 
tions of aspartic acid, asparagine, the methy] histi- 
dines, serine and cystine plus cysteine but did not 
report values for tryptophan and glutamine which 
were destroyed in their analysis. Neither cystine 
nor cysteine is determined separately. The other 
three substances, as well as citrulline, are not ob- 
served on the chromatograms, presumably because 
their concentrations are too low. 

Values obtained by these two methods for many 
of the amino acids agree rather closely. Levels of 
alanine, glycine, histidine, isoleucine, methionine, 
phenylalanine, threonine, tyrosine and a combined 
value for serine and glycine are essentially the 
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same. Somewhat less good agreement is shown 
between the values for a-amino n-butyric acid, 
arginine, leucine, lysine, proline and valine. The 
values of Stein and Moore are 25 to 60 per cent 
higher for these amino acids. In view of the vari- 
ation in normal individuals and the small number 
of analyses reported, differences in these values 
are not of established significance. 

The average glutamic acid concentration as de- 
termined by rapid dialysis and paper chromatog- 
raphy is, on the other hand, significantly less than 
the value reported by Stein =nd Moore, or, for that 
matter, significantly less than any other known re- 
port of glutamic acid concentrations in plasma. 
In the study of the 15 normal samples, a mean 
value less than 20 »M was indicated. Glutamic 
acid was found in only two of the analyses at levels 
of 20 and 25 uM. The average value reported 
by Stein and Moore of five analyses was 48 »M. 
Krebs, Eggleston, and Hems (17) reported an 
average value of 238 »M (3.5 mg. per 100 ml.). 
Walshe (18), using Dent’s procedure of electro- 
lytic desalting with paper chromatography, found 
glutamic acid in such high concentration it was 
considered a major component of the “free” amino 
acids in plasma. To explain these large differ- 
ences, it seems likely that the technique of the 
latter investigators degraded a labile plasma sub- 
stance, presumably by the acid conditions em- 
ployed. Stein and Moore suggest that some glu- 
tamic acid may come from hydrolysis of glutamine 
in their analysis. It is also possible that glutamic 
acid may leak from the erythrocytes during the 
handling of whole blood. 

Determinations of glutamine in this study, in 
which an average concentration of 450 »M was 
obtained, agree reasonably well with the values re- 
ported by Archibald (19), and Krebs, Eggleston, 
and Hems (17). These observers made determi- 
nations by use of glutaminase. They reported 
average values of 8.3 and 5.8 mg. per 100 ml. of 
plasma or 570 and 400 uM per liter, respectively. 

Large differences occur between tryptophan 
values found in this study and values reported by 
Hier and Bergeim (20), and Johnson and Bergeim 
(21). They used microbiological assays on acid- 
deproteinized supernatant solutions. The mean 
unbound value for the 11 normal samples reported 
in Table III is 21 »M, whereas they obtained val- 
ues in normal plasma of 55 »M (1.11 mg. per 100 
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PLASMA 


TABLE IV 
Effect of surgery on the plasma levels of unbound amino acids * 


Patients in good nutritional status 


Patients emaciated 


No. 


subjects plasma operation 


Mean percen' 
change in lev 
immediately post- 
operative observed 
in 16 patients by 
Everson and 
Fritschel (23) 


230 
30 


368 


+ 2+ 8t 
—27 + 13 
—43+ 8 
—32 + 10 
—28 + 11 


—-65+ 6 


—33 + 7 
5§ 
—35 + 16 
—424+ 9 
—272 5 
—22 + 14 
-—37+ 6 
—41 + 10 
—48+ 3 


—34 


Alanine 
a-amino n-butyric acid 
Arginine 
Glutamine 
Histidine 
Leucinet 
Isoleucinet 
Lysine 

ethionine 
Phenylalanine 
Proline 
Serine and glycine 
Threonine 
Tryptophan 
Tyrosine 
Valine 


Average % change 


* At the time this study was undertaken analyses for some of the amino acid had not been developed. 


+ Standard deviations of the mean percentage changes. 


t Leucine and isoleucine values were combined in this study. 


ml.) and 64 »M (1.3 mg. per 100 ml.), respec- 
tively. These differences in concentration arising 
from different procedures of analyses coincide with 
the observation made in the binding study of this 
amino acid in the previous section. It should be 
further noted that the levels of unbound tryptophan 
reported in Table III are probably high because 
the dilution occurring during dialysis tends to re- 
move more tryptophan from the binding site. 
This binding is being further studied. 

Another observation made in studying the un- 
bound amino acid levels in normal plasma is the 
low levels of taurine. This substance has been re- 
ported present in plasma by other investigators 
(16, 22). In an effort to determine trace amounts 
of taurine, zones were eluted from several chro- 
matograms, concentrated, and rechromatogramed 
in another solvent. By this technique, plasma 
taurine concentration was estimated at approxi- 
mately 10 »M. In plasma from whole blood ex- 
posed to wettable surfaces, or plasma which had 
not been centrifuged adequately to remove most 
of the leucocytes and platelets, higher levels were 
obtained. These observations indicate that taurine 
may be derived from the leucocytes and platelets. 
In unpublished experiments of the authors, taurine 
has been found in very high levels in these cells. 


Additional studies 


The effect of surgery on the plasma levels of 
amino acids was studied in eight patients under- 
going operations of one to three hours duration. 
Either cyclopropane, ether, or spinal anesthesia 
was administered. The patients’ diagnoses were 
subacute cholecystitis, chronic cholelithiasis (two), 
varicose veins, umbilical hernia, carcinoma of the 
duodenum, burns complicated by chronic alcohol- 
ism, and severe burns, respectively. The first five 
patients were in reasonably good nutritional status. 
The latter three were emaciated, with the two burn 
patients undoubtedly in negative nitrogen bal- 
ance. The patient with carcinoma of the duode- 
num had lost 60 pounds in the period six months 
preceeding the operation. /3lood specimens were 
drawn immediately before and immediately after 
surgery. 

The data from this study are summarized in 
Table IV. The patients are grouped according to 
their nutritional condition. The preoperative 
amino acid levels of those in good nutritional 
status are in the general range of the normals re- 
ported in Table III. In this group an average 
decrease in amino acid level of 34 per cent oc- 
curred after surgery. This decrease is in agree- 
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before change before change 
operation in levels . operation in levels 
subjects plasma operation 
1200 «+534 4f 
25 —20 + 16 Peet 
80 47 +13 + 9 —28 
= 233 4+ 6 
94 100 —17 +421 —12 
114 67 —6+10 ~15 
40 20 —-5+0 —26 
65 50 0 —26 as 
217 85 0 + 12 
237 150 —10 + 10 a Ae 
100 57 +17 + 13 —30 Pe 
44 23 + 9+ 33 —40 ae 
66 50 —14 + 23 i 
254 127 +5+ 3 —12 
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ment with the observations of Everson and 
Fritschel (23) in their study of the postoperative 
changes of the essential amino acids in 16 patients, 
although the magnitude of the change we observed 
is larger than theirs. With the emaciated group, a 
decrease was not observed. In this group the pre- 
operative amino acid levels were low, and the 
additional stress of surgery did not further de- 
press them. 

Alanine showed anomalous behavior. Its post- 
operative concentration in relation to the other 
amino acids increased about 50 per cent in both 
groups of patients studied. This increase does not 
appear to have been reported previously. 


SUMMARY 


1. A technique is reported for assaying unbound 
amino acids in human plasma. Containers with 
nonwettable surfaces are used during collection and 
separation of the cells to avoid release of cell sub- 
stance. The amino acids are separated from the 
plasma proteins by rapid dialysis and analyzed by 
paper chromatography in salt-saturated solvents 
on salt-saturated papers. This method avoids a 
desalting step. Physiological pH is maintained 
throughout and low temperatures maintained up 
to the start of the chromatograms. In addition to 
amino acids, urea may also be determined by this 
method. 

2. Unbound concentrations of eighteen indi- 
vidual amino acids and a combined value for 
serine and glycine have been determined in plasma 
samples from fifteen normal subjects. With the 
exception of tryptophan and glutamic acid, agree- 
ment with other assays has been obtained. 

3. The unbound concentration of glutamic acid 
and tryptophan are found to be very low in plasma. 
At physiological pH, tryptophan is bound to a non- 
dialyzable plasma substance, probably protein, but 
is released upon precipitation of the proteins with 
trichloroacetic acid. 

4. Recovery studies of amino acids added to 
plasma show that none were bound except trypto- 
phan. 

5. Plasma levels of amino acids of patients in 
good nutritional status dropped an average of 34 
per cent immediately after surgery. In three 
emaciated patients whose preoperative levels were 
approximately 65 per cent of normal levels, no 
amino acid drop occurred after surgery. 
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6. Alanine showed anomalous behavior. In the 
normal patients, the alanine level remained the 
same while the average of all the amino acids de- 
creased 34 per cent. In the emaciated patients, the 
alanine level increased 50 per cent while the aver- 
age of all amino acids remained the same. Thus, 
alanine in relation to the other amino acids in- 
creased postoperatively in both groups of pa- 
tients studied. 
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In a previous study it was found that the elastic 
properties of lungs appeared to be unaffected by 
age in healthy adults 17 to 39 years old (1). The 
slope of the static volume-pressure curve of lungs 
in the resting tidal range of breathing was used as 
a measure of pulmonary compliance. The present 
study extends observations to adults 50 years and 
older. To obtain a more complete description of 
the elastic behavior of lungs, static transpulmonary 
pressure has been related to the total volume of gas 
in the lungs, and the range of volume change has 
been extended from that of tidal volume to in- 
spiratory capacity. In addition, measurement has 
also been made of pulmonary compliance at vari- 
ous rates of breathing, and of pulmonary flow re- 
sistance. Finally, these data have been compared 
with findings in young adults. 


MATERIAL AND METHODS 


Eight male and twenty female volunteers, ranging in 
age from 50 to 89 years, were studied. All were appar- 
ently healthy and lived at home. Most of the women did 
their own housework, while four of the eight men were 
still employed in office work. They denied any recent or 
chronic cardiopulmonary disease, and had no untoward 
shortness of breath. Photofluorograms of their chests 
were considered to be “normal.” Part of the data on 
young adults was obtained from previous studies (1, 2). 
Additional measurements were made on a group of young 
adult volunteers. 

All measurements were made with the subjects seated. 
Intraesophageal pressure was used as an index of intra- 
pleural pressure. It was obtained from a thin latex bal- 
loon, approximately 15 cm. in length, affixed to poly- 
ethylene tubing (3). The balloon was passed to the 
lower portion of the esophagus. An inductance manom- 
eter was used to measure differences in pressure between 
the esophagus and the mouthpiece (transpulmonary pres- 
sure). Pulmonary compliance was measured statically 


1 This study was aided by a grant from The National 
Foundation for Infantile Paralysis, Inc. 

2 Presented in part before The National Tuberculosis 
Association, May 21 to 23, 1956, New York, and The 
American Physiological Society, September 4 to 7, 1956, 
Rochester, New York. 


and dynamically, that is, during interrupted and spon- 
taneous breathing. Air flow was interrupted by means 
of a solenoid valve located in the mouthpiece assembly ; 
the pressure tap on the mouthpiece lay between the mouth 
and valve. Volume was recorded with a nine-liter ca- 
pacity Benedict-Roth spirometer. A commutator on the 
spirometer wheel energized the solenoid valve at’ steps 
of 250 ml. (ATPS). The duration of valve closure was 
controlled by a time-delay circuit (1); closure lasted 
approximately three seconds. All static measurements of 
compliance were made during inspiration starting from 
the resting end-expiratory level. 

For dynamic measurements of pulmonary compliance, 
volume changes were measured with a seven-liter ca- 
pacity Krogh spirometer to which was attached a rota- 
tional transducer. The spirometer was connected to a 
bag-box system (4), enabling the subject to breathe air 
for periods lasting up to several minutes. Instantaneous 
flow rate was obtained by electrical differentiation of the 
volume signal. The three electrical signals (pressure, 
volume, flow rate) were amplified and transcribed by 
means of a direct-writing oscillograph. 

During spontaneous breathing, pulmonary compliance 
was measured as the ratio of the change in volume (tidal 
volume) to the change in transpulmonary pressure be- 
tween instants of zero air flow at the volume extremes 
of inspiration and expiration. Because variations oc- 
curred due to changes in intraesophageal pressure accom- 
panying cardiac contraction, average values for com- 
pliance (and flow-resistance) during spontaneous breath- 
ing were calculated from at least 20 to 30 measurements. 

Pulmonary flow-resistance was calculated in two ways. 
The first method is shown in Figure 1. Points were 
chosen in both the inspiratory and expiratory phases of a 
respiratory cycle when lung volumes were identical and 
flow rates were about maximal. In the tidal range of vol- 
ume change the elastic component of transpulmonary 
pressure is the same at these instants. Accordingly, the 
observed change in pressure between these points relates 
solely to flow-resistance. The ratio of this pressure 
change to the corresponding change in flow between these 
points has been calculated. This value represents an 
“average” flow-resistance for inspiration and expiration. 

In the second method, flow-resistance was measured 
separately for inspiration and expiration. To do this, 
values for instantaneous flow-resistive pressures were cal- 
culated as the difference between observed changes in 
transpulmonary pressure occurring between the start of 
inspiration (or expiration) and some point near maxi- 
mal flow rate, and the corresponding elastic component 
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4.38-7.39 
5.73 
1.11 


3.67 2.60 
0.80 0.50 
2.50-5.23 1.80-3.73 3.96-7.58 


2.45-3.81 1.18-2.39 


Pre- 
116 
16 


FLOW 
RATE cp T Vee 


L/SEC. 


mes in healthy subjects 


Vital capacity 


vol 


Fic. 1. At IpenticaL Lunc Votumes, A B, 
Rerates To PutmMonary FLOw-RESISTANCE 
“Average” pulmonary flow-resistance for a respiratory 
cycle may be expressed as: 


2.88-5.24 
3.13 
0.71 

1.90-4.47 


1.35 
0.26 


Range 22-47 158-178 0.08-0.18 2.5-6.5 21.5-45.0 1.70-2.80 1.95-3.49 0.93-1.75 
1.06 
0.46 


Range 50-89 150-178 0.08-0.23 1.5-8.5 12.5-37.0 1.01-2.84 0.83-3.43 0.18~2.06 


V; + Vz L./sec. 


of transpulmonary pressure. The elastic component, in 
turn, was estimated from measurements of compliance 
and the volume change that had occurred between the two 
points. 

Each measurement of flow-resistance has two com- 
ponents—airway, including upper airway and glottis in 
addition to tracheobronchial tree, and tissue viscous re- 
sistance. No attempt was made to measure these com- 
ponents separately. Finally, the assumption is implicit 
that in the range of air flow rates encountered during 
quiet breathing, flow-resistance is nearly constant. 

The resting end-expiratory gas volume of the lungs 
(FRC) was measured by use of a helium closed-circuit 
technique (5). Subdivisions of the vital capacity were 
recorded on a spirometer, and the total lung capacity was 
calculated from the sum of the functional residual ca- 
pacity and inspiratory capacity. All volumes were ex- 
pressed at body temperature and pressure saturated 
(BTPS). 


2.51 
0.45 
2.06 
0.61 


1.78 
0.46 


Corre- 


vol, 
change 

2.30 

0.36 


TABLE II 


Mean pulmonary compliance, end-expiratory and maximal static inspiratory pressures, and lung 


Max. 
30.4 
74 


trans-  sstaticinsp. sponding 


pulm. _transpulm. 
pressure pressure 
4.2 
1.6 


End-exp. 


0.150 
0.027 


Compl. 


L.lem.H:0 cm. cm. 


{ Residual volume. 
Total lung capacity. 


cm. 
166 
7 


TABLE I 


Pertinent physical characteristics of 28 healthy 
elderly subjects 


28 
7 


yrs. 


No. Age Height Weight B.S. A.* 


ors. cm. Kg. M? 

Male 8 Mean 76 173 17.0 1.79 
S.D. 8 4 8.7 0.13 

Range 66-89 167-178 61.8-86.3 1.56-1.97 


Female 20 ow 67 163 61.6 1.66 


i 8 5 7.8 
Range S0-81 150-170 39.1-74.5 1.34-1.83 


Mean 

S.D 
* Inspiratory capacity. 
+ Expiratory reserve volume. 
t Functional residual capacity. 


Peiry 4 surface area calculated from Du Bois height- 
weight formula (19). 
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RESULTS 


Average values for the pertinent physical char- 
acteristics of 28 elderly* subjects are shown in 
Table I. 


Static measurements 


In 26 of the elderly subjects, measurements of 
compliance were made during interrupted breath- 
ing starting from the end-expiratory relaxation 
volume, and compared with similar measurements 
in a group of 41 younger subjects of the same av- 
erage height (1). This measurement expresses 
the slope of the static volume-pressure character- 
istics of lungs in the range of normal tidal volume 
for the sitting position. Average values for com- 
pliance were 0.130 + 0.036 L. per cm. H,O among 
older subjects and 0.144 + 0.036 L. per cm. H,O 
among vounger subjects; the difference was not 
significant. The correlation between compliance 
and either height or vital capacity was approxi- 
mately the same in both age groups (Figures 2A 
and 2B). 

Measurements of total lung capacity and sub- 
divisions were made in 21 of the older and 11 of 
the younger subjects, each group being of the same 


8 “Elderly” is applied in this study to persons 50 years 
and older. 

4 Previously, no consistent difference was found in com- 
pliance between males and females when subjects of the 
same size were compared (1). For this reason the data 
on compliance, including those shown in Figures 2A and 
2B, are not subdivided according to sex. 


average height. Average values are shown in 
Table II, along with values for compliance, static 
end-expiratory transpulmonary pressure, and 
transpulmonary pressure measured at the peak of 
maximal inspiration. The latter pressure was 
measured after gas flow had stopped and while 
the glottis was open. These data are plotted in 
Figure 3. 

It will be noted that, whereas functional residual 
capacity was larger among elderly subjects (p< 
0.01), static end-expiratory transpulmonary pres- 
sures were not significantly different for the two 
groups. These findings indicate that the average 
over-a:. static volume-pressure curve of the lungs 


ELDERLY 


TRANSPULMONARY PRESSURE ~ CM 


Fic. 3. Averace Vatues ror Static Votume-Pres- 
suRE CHARACTERISTICS oF Luncs ARE SHOWN FoR 21 
OLpEeR AND 11 YouncER SusyjEctTs 


Points indicate measured volumes and pressures. Slopes 
of the solid lines indicate values for compliance computed 
from direct measurements. The broken lines are esti- 
mated values. 
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TABLE III 
Pulmonary flow resistance in healthy subjects 


No. Age Height Resistance 

cm. H:0/L./ 
ors. cm, Sec. 

Younger 28 Mean 28 168 1.9 £4 
subjects S.D. 6 9 0.6 
Range 18-47 154-189 1.2-3.4 
Older 28 Mean 70 165 2.8 

subjects 


S.D. 9 7 0.8 
Range 50-89 150-178 1.3-4.4 


was shifted to the left among elderly subjects. 
In addition, the young subjects were able to de- 
velop greater transpulmonary pressures during 
maximal inspiratory effort (p< 0.01). Despite 
this difference, total lung capacity was not sig- 
nificantly different for the two groups. 


Flow-resistance measurements 


In 28 young adults® the range of values for 
“combined” inspiratory and expiratory flow-re- 
sistance (see under Methods) was 1.2 to 3.4 cm. 
H,O per L. per second, averaging 1.9 + 0.6 cm. 
H,O per L. per second (Table III) ; only one sub- 
ject had a value for flow-resistance above 3.0 cm. 
H,O per L. per second. Among the 28 elderly 
subjects, it varied between 1.3 and 4.4 cm. H,O 
per L. per second, averaging 2.8 + 0.8 cm. H,O 
per L. per second ; flow-resistance was higher than 
3.0 cm. H,O per L. per second in 10 of this group. 
The average value for the eight elderly males was 


TABLE IV 
Inspiratory and expiratory pulmonary flow resistance 


in healthy elderly subjects 
Inspiratory Expiratory Inspiratory resistance 
resistance resistance Expiratory resistance 
om. H2O/L./sec. cm, H10/L./sec. 


(a) Eighteen subjects having ‘‘combined”’ flow resistance* 
under 3.0 cm. H:O/L./sec. 


Mean 2.0 3.4 0.6 
S.D. 0. 1.2 
Range 0.9-3.0 1.4-5.9 


(b) Ten subjects having “combined” flow resistance 
over 3.0 cm. H,O/L./sec. 


Mean 3.1 4.9 0.6 
S.D. 0.9 1.14 
Range 1.6-4.1 3.5-6.8 


* Defined in Methods. 
5 Ten of these subjects were reported before (2). 


TABLE V 


Mean pulmonary compliance, end-expiratory and maximal static inspiratory transpulmonary pressures and lung volumes in healthy elderly subjects 


having pulmonary flow-resistance below or above 3.0 cm. H:O/L./sec. 


Max, 
static insp. 
transpulm, 


pulm, 


End-exp. 
trans- 
pressure 


F.R.C, T.L. Cc, 


E.R. V. 


I, C. 


pressure 


Height Compl. 


Age 


No. 


Fiow resistance 


L.Jjem.H:0 cm. em. H:0 


cm, 


ors. 


% 


2.62 
0.49 


3.80 


0.75 


3.23 
0.70 


1.50 
0.49 


1.73 


0.44 


19.9 


5.0 
2.2 


0.137 


0.042 
50-89 150-178 0.09-0.23 1.5-10.0 14.0-37.0 1.01-2.35 0.74-2.46 2.09-4.47 2.51-5.23 1.97-3.73 4,69-7.58 


166 


Mean 72 
S.D. 


14 


Below 
3.0 cm. H2O/L./sec. 


5.9 


11 


Range 


2.45 5.25 


0.64 


3.33 


Mean 69 164 0.113 5.3 22.8 1.73 1.08 2.82 
0.41 0.45 0.81 1.03 


6 


Above 
3.0 cm. H:0/L./sec. 


1.32 


8.2 
3.5-8.0 12.5-36.0 1.24-2.34 0.53-1.74 1.90-4.08 2.50-4.82 1.80-3.41 3.96-7.49 


1.6 


0.035 


53-79 158-172 0.08-0.17 


Range 
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TABLE VI 
Pulmonary compliance during interrupted, quiet and rapid breathing in healthy elderly subjects 


Flow 
resistance 


Rapid breathing 


Rate Compl. 


om, H:0/L./sec. 


5 


esssss 
SS==8R 


2.5 + 0.8 cm. H,O per L. per second, and for the 
20 elderly females, 2.9 + 0.8 cm. H,O per L. per 
second. To determine whether the higher values 
(over 3.0 cm. H,O per L. per second) for flow- 
resistance were due to changes predominantly in 
one or the other phase of the respiratory cycle, 
flow-resistances were calculated separately for in- 
spiration and expiration at identical lung volumes 
(Table IV). Inspiratory resistance measured 
about two thirds as much as expiratory resistance 
for the group whose “combined” flow-resistance 
was less than 3.0 cm. H,O per L. per second, as 
well as for those with higher values. The ratio 
of inspiratory to expiratory flow-resistance was 
also calculated in six of the young subjects and 
found to be nearly 0.9. The latter value is roughly 
equal to that derived from the data of Fry, Ebert, 
Stead, and Brown (6) in healthy young adults at a 
flow rate of 1.0 L. per second, although higher 
than the value of 0.7 found by Attinger, Monroe, 
and Segal (7) at slow rates of breathing in the 
sitting position. It is felt that the number of ob- 
servations in the present study is too small to 
draw a conclusion regarding the significance of the 
difference in ratios between the two age groups. 

When the elderly subjects were divided into 
groups having flow-resistance below or above 3.0 
cm. H,O per L. per second, no significant dif- 
ferences were found in mean static compliance, 
subdivisions of total lung capacity (including 
F.R.C.), or static transpulmonary pressures, both 
at the end of normal expiration and following 
maximal inspiration (Table V). 


Dynamic compliance measurements 


Measurements of compliance were made in nine 
of the elderly subjects during quiet and rapid 
breathing, care being taken to prevent changes in 
end-expiratory lung volume and tidal volumes. 
The group was divided into those having flow-re- 
sistance either below 3.0 cm. H,O per L. per sec- 
ond or above that value (Table VI). The group 
having lower flow-resistance showed no consistent 
change in compliance as the rate of breathing in- 
creased. The group having higher flow-resistance 
showed a progressive decline in compliance with 
increasing rates of breathing in all instances; the 
magnitude of change was small, however, when 
compared with that observed among patients hav- 
ing emphysema (2, 8-10). 


Smoking habits of the elderly subjects 


Twenty-one elderly subjects had not smoked; 
five had been regular smokers more than 10 years, 
three of cigarettes and two of cigars; two of the 
subjects were not questioned. Pulmonary flow- 
resistance was above 3.0 cm. H,O per L. per sec- 
ond in only 6 of the 21 nonsmokers, whereas it 
was above this value in four of the five smokers. 
(One subject who smoked cigars had a value of 
2.2 cm. H,O per L. per second.) Despite this 
considerably greater incidence of elevated flow- 
resistance among smokers, it is felt that the group 
is too small to warrant a conclusion about the pos- 
sible relation of smoking to changes in flow-re- 
sistance. With regard to other measurements, 
there was no apparent pattern of change in static 
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Subject Quiet breathing 
no. || compl. Rate Compl. 
L.Jom. min. Hi min, 0 
5 0.17 14 0.17 74 {| 
13 0.11 13 0.14 33 : 
25 0.12 16 0.13 52 7 
26 0.13 10 0.12 48 : 
0.132 0.140 2 ; 
2 0.12 15 0.09 42 
0.08 16 0.07 41 
15 0.14 14 0.12 59 
18 0.13 20 0.12 42 
27 0.14 20 0.12 §2 
0.122 0.104 | 
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compliance or subdivisions of lung volume among 
the elderly smokers. 


DISCUSSION 


It should be emphasized that this study does not 
permit a distinction between changes inherent in 
the aging process and those which may represent 
the effects of repeated disease or injury to thc 
lungs. According to Bates and Christie, “emphy- 
sema is a gross exaggeration of what happens to 
the lungs with advancing years” (11). They 
found a reduction in vital capacity and an increase 
in functional residual capacity in both healthy 
elderly persons and patients having emphysema. 
The changes accompanying aging were attributed 
to “fixation of the thoracic cage” and to reduced 
elastic recoil of the lungs, though no direct meas- 
urement of elastic properties of either structure 
was reported. The judgment of these authors 
gains support from findings in the present study. 
In general, the static volume-pressure curve of the 
lungs in elderly subjects was shifted to the left 
so that at any volume their lungs appeared to have 
diminished elastic recoil compared with those of 
young adults. This shift of the entire volume- 
pressure curve could be detected only by relating 
measurements of compliance to absolute gas vol- 
umes in the lungs and transpulmonary pressure. 
The fact that there was no significant difference in 
mean compliance in the range of tidal breathing 
between the two age groups emphasizes that this 
measurement expresses only a part of the over-all 
elastic behavior of the lungs. 

In addition, there is evidence of an alteration in 
the elastic properties of the thorax which may be 
described as follows: The volume of gas remain- 
ing in the lungs at the end of expiration during 
quiet breathing is determined by the opposing 
elastic recoil of the lungs and thorax. An increase 
in this volume can result from either reduced 
elastic recoil of the lungs, increased elastic recoil 
of the thorax, or a combination of both. The rela- 
tive contribution of the two forces should be re- 
flected in the end-expiratory transpulmonary pres- 
sure. For example, if all of an increase in func- 
tional residual capacity were due to reduced elastic 
recoil of the lungs, end-expiratory transpulmonary 
pressure would decrease as the thorax approached 
its own “relaxation” volume. On the other hand, 
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if all of an increase in functional residual capacity 
were attributable to increased tendency of the 
thorax to recoil “outward,” end-expiratory trans- 
pulmonary pressure would increase. It follows 
that an increase in functional residual capacity 
which is unaccompanied by significant change in 
transpulmonary pressure is evidence for a com- 
bination of reduced elastic recoil of the lungs and 
increased thoracic elastic recoil. The observation 
that young and elderly subjects have substantially 
the same end-expiratory transpulmonary pressures 
during quiet breathing indicates that the larger 
functional residual capacity of older subjects re- 
sults from a combination of diminished elastic re- 
coil of the lungs and increased elastic recoil of the 
thorax. For the purpose of this discussion it has 
been assumed that the functional residual capacity 
is a “relaxation” volume not influenced by muscu- 
lar contraction. 

The thesis of Bates and Christie may be ex- 
tended to include other attributes of the mechani- 
cal behavior of lungs. For example, it has been 
well established that pulmonary flow-resistance is 
increased in emphysema (2, 6, 8-10, 12), the 
change being greater during expiration; to a much 
smaller degree pulmonary flow-resistance, chiefly 
during expiration, was also elevated in some el- 
derly subjects. In emphysema, dynamic pul- 
monary compliance falis rapidly as the respiratory 
rate increases (2, 8-10) ; among the elderly sub- 
jects, when flow-resistance was elevated, corpli- 
ance did fall slightly but significantly as the rate of 
breathing rose, whereas changes in compliance 
were not consistent when flow-resistance was 
within the range encountered in young adults. 
A possible mechanism for dependence of compli- 
ance upon respiratory rate has been described, 
based on the mechanical implications of nonuni- 
formity of flow-resistance and/or elastic changes 
within the lungs (2, 8). The authors concluded 
that alterations in the distribution of ventilation 
must occur in association with the reduction in dy- 
namic compliance at increased respiratory rates. 
This conclusion is consistent with the observation 
of Greifenstein, King, Latch, and Comroe (13) 
who found with the use of single breath and pul- 
monary emptying rate tests that many healthy 
older subjects show evidence of a greater non- 
uniformity of ventilation than do young subjects. 
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It is apparent that the changes in mechanical be- 
havior of lungs of elderly adults compared with 
young adults are in every instance qualitatively 
similar to those observed in emphysema. On the 
other hand, it should be noted that the magnitude 
of such changes that accompany aging is generally 
small, and in individual instances not detectable. 
It would seem that additional factors must play 
a role in the reduced performance of elderly sub- 
jects in such tests of maximal effort as the vital 
capacity (8, 13-18), and maximal breathing ca- 
pacity (13, 16, 18). An attempt was made in the 
present study to estimate respiratory muscle 
strength by measuring the maximal pressure each 
subject could develop across an obstructed mouth- 
piece. The attempt was discontinued after a few 
studies because it was felt that most of the sub- 
jects did not understand the procedure well enough 
to cooperate satisfactorily. But apart from the 
question of muscular strength, it would appear 
that changes in elastic properties of the thorax 
might well account for much of the reduction in 
vital capacity. Evidence has already been pre- 
sented suggesting that the thorax has an increased 
tendency to recoil outward, and that this together 
with diminished elastic recoil of the lungs ac- 
counts for the increased functional residual ca- 
pacity of elderly subjects. The change in elastic 
behavior of the thorax would also be expected to 
result in an increase in residual volume of the 
lungs and a decrease in vital capacity (largely at 
the expense of the expiratory reserve) due to the 
fact that it was more difficult to compress the 
thorax. Table II shows that such changes in sub- 
divisions of the total lung capacity were typical in 
the present study; iney have been reported by 
other investigators as well (12-16). 


SUMMARY 


Physical properties of the lungs of 28 healthy 
subjects 50 years and older were measured in the 
sitting position. Values were related to measure- 
ments of total lung capacity and its subdivisions. 
When compared with a group of 11 hculthy adults 
ranging in age from 22 to 47, the older subjects 
showed a shift in static volume-pressure curve of 
the lungs to the left. Pulmonary flow-resistance was 
above 3.0 cm. H,O per L. per second in 10 out of 


N. R. FRANK, J. MEAD, AND B. G. FERRIS, JR. 


25 elderly subjects, and in only 1 out of 28 younger 
subjects. Among elderly subjects, dynamic com- 
pliance decreased consistently as the respiratory 
rate increased in those having values for pul- 
monary flow-resistance above 3.0 cm. H,O per L. 
per second. These changes in physical properties 
of the lungs were similar in kind to, though much 
less than those found in, emphysema. They were 
associated with an increase in functional residual 
capacity, decrease in vital capacity, and no change 
in total lung capacity. 
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Although the capillary vascular system is known 
to be affected during many infectious illnesses 
(1-5), the in vivo study of the small blood vessels 
in man during infection has been almost entirely 
neglected. Certain infectious diseases are espe- 
cially characterized by clinical syndromes which 
can be largely or entirely attributable to a gener- 
alized dysfunction of the vascular system (6-8) ; 
a study of the reaction of the small blood vessels 
in these states might therefore be particularly sig- 
nificant. One such illness, hemorrhagic fever, was 
selected initially for the in vivo study of the capil- 
lary alterations produced by infectious agents in 
humans. Hemorrhagic fever was first encountered 
by Western physicians during the Korean Cam- 
paign. A classical case usually proceeded through 
four rather distinct phases; namely, 1) an initial 
acutely febrile onset, persisting for an average of 
three to five days, 2) a hypotensive or shock phase 
often developing during defervescence and per- 
sisting from a few hours to several days, 3) a hy- 
pertensive oliguric stage lasting three to five days 
on the average, and 4) a diuretic phase merging 
into convalescence (9). The deeply flushed ap- 
pearance, the petechiae and ecchymosis of the skin, 
conjunctiva and hard palate, and the strongly posi- 
tive Rumpel-Leede test, all occurring early in the 
disease (10, 11), suggested the occurrence of a 
profound and generalized alteration in the function 
of the small tlood vessels. The characteristic post- 
mortem findings, consisting chiefly of intense gen- 
eralized capillary dilatation, focal hemorrhages, 
and edema in the loose areolar tissues, strongly 
support this concept (12-14). Indeed many, if 
not most, of the clinical features which develop 
after the febrile phase can be accounted for as the 
consequences of generalized capillary dysfunction. 


1This study was sponsored by the Commission on 
Hemorrhagic Fever and supported in part by the Armed 
Forces Epidemiological Board by a contract with the 
Office of the Surgeon General. 


This report describes the changes detected during 
serial observations of the nail-fold capillary bed 
of such patients with hemorrhagic fever. The cap- 
illary alterations observed in patients with other 
infectious diseases who were studied in a similar 
manner are also described. The findings indicate 
that significant alterations of the capillary vessels 
may be observed directly during hemorrhagic fe- 
ver and during certain other infectious illnesses, 
and that these capillary alterations can be corre- 
lated with the clinical course and pathological 
findings. 


MATERIALS AND METHODS 


Selection of patients 


Random and serial capillary studies were performed on 
190 consecutive United Nations soldiers admitted to the 
Forty-eighth Mobile Army Surgical Hospital in Korea 
during the fall of 1953 because of febrile disease. The 
subjects, ranging in age from 18 to 45, were usually 
transferred from Division Clearing Station during the 
third or fourth day of illness with the tentative diagno- 
sis of “hemorrhagic fever, suspect.” Eighty of this group 
were rejected because the observer was unable to visual- 
ize the nail-fold capillary vessels adequately (negroid 
pigmentation, thickened cuticles) or because of local pa- 
thologic alterations (clubbing, chronic inflammation, 
traumatization). The diagnosis of hemorrhagic fever 
was eventually confirmed in 71 patients; 39 patients were 
found to have various other acute febrile illnesses. Nine 
of a group of young male adult patients in the United 
States with Q fever studied by Tigertt and Benenson (15) 
and three patients with Rocky Mountain spotted fever 
were subsequently included in the present study (Table 
I).2 


Selection of capillary bed 


Two areas are readily accessible for in vivo capillary 
examination in the human subject—the bulbar conjunctiva 
and the skin of the nail-fold. Since the vessels of the 
bulbar conjunctiva are often grossly injected during 


2 The capillary studies pertaining to Q fever were per- 
formed in collaboration with Dr. Charles L. Wisseman, 
Professor of Microbiology, University of Maryland School 
of Medicine. 
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many febrile or upper respiratory illnesses, and since 
preliminary observations indicated minimal nail-fold ca- 
pillary alterations as a result of fever or respiratory ill- 
ness per se, the nail-fold bed was selected for further 
capillary studies. Moreover, the utilization of the nail- 
fold capillary bed ensured that the portion of the minute 
vascular system selected for study was anatomically and 
functionally comparable in all patients. 


Method of examination 


The patients were examined in the recumbent position, 
with the extended arm at the level of the sternum. 
Cedar oil was applied to the base of the nail-fold of the 
fourth finger of the left hand and the terminal capillary 
loops visualized with a Leitz capillary microscope at a 
magnification of 80X. As it was impossible to maintain 
constant room temperatures, two heavy blankets were 
placed over the patients to induce reflex vasodilatation. 
No observations were made until the fingers remained 
constantly warm to the touch. 


Criteria of capillary changes 


Four indices of nail-fold capillary alterations were fol- 
lowed daily: 

1) Degree of capillary dilatation. The capillary ves- 
sels of the nail-fold are arranged in parallel Fairpin shaped 
loops which vary considerably in length and width. The 
majority of these loops are not uniform in caliber, but 


gradually increase in diameter during the transition from 
arterial to venous segments. Although the walls of the 
capillary loops are invisible, the absence of any signifi- 
cant marginal plasma zone permits the true diameter to 
be accurately gauged from the width of the capillary blood 


stream (16). After study of several microscopic fields 
comprising a total of approximately 50 to 75 vessels, 8 to 
10 representative loops were selected and the widest por- 
tions of these vessels (invariably the venous segments) 
measured with an ocular micrometer. With increased 
experience, this technique was found to provide a repro- 
ducible index of mean widest capillary diameter which 
generally fell within +3 micra of the value obtained by 
averaging the sum of the widest segments of the individual 
capillary diameters. Although less sensitive to caliber 
alterations, such a technique was distinctly more prac- 
tical than the cinematographic analysis utilized by Craw- 
ford (16), wherein individual nail-fold capillary loops 
were found to vary in diameter from moment to mo- 
ment, the venous segment changes normally not exceed- 
ing + 1.5 micra. 

The widest (venous) segment diameters were utilized 
for this study since previous observations in approxi- 
mately three hundred persons with various noninfectious 
illnesses indicated that such measurements generally re- 
flected the largest increases in capillary diameter during 
reaction to injury (anoxia, cold, trauma) (17). Com- 
parable observations have previously been reported for 
Raynaud’s disease (18), polycythemia vera (19), and 
congestive heart failure (20). 
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TABLE I 


Diagnosis in 51 febrile patients with diseases other 
than hemorrhagic fever 


Diagnosis 


Fever of unknown origin 
fever 
cute tonsillitis 
Acute sinusitis 
Pneumococcal lobar pneumonia 
Infectious hepatitis 
Acute vivax malaria 
Infectious mononucleosis 
Generalized urticaria 
Scrub typhus 
Rocky Mountain spotted fever 


2) Capillary vasomotor activity. Intermittent gaps in 
blood flow normally occur in the nail-fold capillary loops. 
These gaps in blood flow probably reflect intermittent 
vasoconstriction of the arterial segments of the capillary 
loops or of the parent arterioles (21), thus constituting 
an index of vasomotor activity of the minute vascular bed. 
Although the gaps in blood flow in any given vessel were 
irregular and occurred independently of those seen in ad- 
jacent capillary vessels, the average number of inter- 
ruptions in blood flow per minute, as determined in five 
adjacent vessels, provided a reasonably reproducible in- 
dex of capillary vasomotor activity. The results of such 
a study, however, cannot be considered as an absolute 
indication of capillary vasomotor activity, since the 
“gaps” in capillary blood flow may not be due to inter- 
ruptions in blood flow but may also represent changes in 
arteriolar axial streaming of red blood cells with capil- 
lary plasma “skimming.” 

3) Rate of capillary blood flow. With experience it 
was found that estimates of stagnation, slowed, normal, 
or accelerated capillary blood flow were consistent in a 
given patient at a given time and that comparisons be- 
tween patients or in one patient at different times were 
valid. Such estimates provided information which was 
as useful to the present study as were accurately timed 
measurements. 

4) Sludging. Normally, red blood cells flow homo- 
geneously through the capillary bed. In some disease 
states they adhere to each other in the form of irregular 
globules constituting microscopic emboli known as sludge 
(22). The intensity of sludging was observed and 
graded from 0 to 4 plus. 


Response to I-norepinephrine 


A continuous intravenous infusion of /-norepinephrine 
was given to hemorrhagic fever patients during the phase 
of hypotension (diastolic arterial pressures under 50 mm. 
Hg) and to 8 nonhypotensive hemorrhagic fever patients 
during the first afebrile day. The infusion of /-norepi- 
nephrine was increased at 10 minute intervals by incre- 
ments of 0.05 to 0.07 gamma per Kg. per minute. With 
each increment the response of the nail-fold capillary bed 
and of the arterial blood pressure was recorded. 
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(X) NUMBER OF PATIENTS 
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TIENTS Wi1TH HEMoRRHAGIC FEVER AND WITH THE OTHER INFECTIOUS ILLNESSES LISTED IN 


Taste I 


Center column indicates mean widest capillary diameter changes in the patients with Rocky 


Mountain spotted fever, scrub typhus, and infectious mononucleosis. 


(The apparent fixation of 


the lower range of capillary diameter at 10 micra represents those patients with initial values 
at 10 micra who manifested no nail-fold capillary alterations throughout illness.) 


Evaluation of capillary changes 


Control baseline nail-fold capillary observations in 
hemorrhagic fever patients were unobtainable as all pa- 
tients were clinically ill at the time of admission. In- 
deed, only twelve patients were examined prior to the 
third day of illness. Evaluation of the capillary findings 
during the febrile and hypotensive phases of hemorrhagic 
fever was therefore based upon 1) serial alterations of 
the capillary bed as the illness progressed and subse- 
quently during convalescence, and 2) comparison with 
groups of patients with infectious diseases other than 
hemorrhagic fever. The previous nail-fold capillary ex- 
aminations performed in approximately three hundred 
persons with various noninfectious illnesses (17) served 
as the background experience for these capillary studies 
and permitted on over-all evaluation of the vascular 
changes observed during the present investigation. 


RESULTS 
I. Hemorrhagic fever 


A) Changes observed in the nail-fold capillary bed 
during the course of hemorrhagic fever 
1) Capillary dilatation. The mean widest capil- 
lary diameter on the first day of illness of patients 


with hemorrhagic fever and those with other fe- 
brile diseases fell within a range of 10 to 20 micra, 
with an over-all average of 15 micra. This is com- 
parable to observations by Crawford that the ma- 
jority of capillary venous segments in the normal 
nail-fold bed measure 15 to 17 micra in diameter 
(16). Progressive capillary dilatation involving 
both the arterial and venular segments of the 
capillary loops developed in the patients with he- 
morrhagic fever. Dilatation of the venular seg- 
ments was always the more pronounced. Increases 
in mean widest capillary diameter were usually 
maximum during the third or fourth days of ill- 
ness (Figure 1). At this stage, seven of the pa- 
tients (10 per cent) with hemorrhagic fever de- 
veloped minute hemorrhages in the capillary bed 
consisting of red blood cells surrounding the length 
of the vessel or consolidated hemorrhages, usually 
at the tip of the capillary loop. In the five subjects 
with hemorrhages surrounding the length of the 
capillary, the red blood cells were distributed in 
single or double file and it was postulated that the 
cells had escaped by a process of diapedesis; in 
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the two »atients with consolidated hemorrhages, an 
actual rupture of the capillary loops was indicated 
by cessation of blood flow distal to the hemorrhage 
with diversion of the blood flow into the hemor- 
rhage site. 

By the fifth day of hemorrhagic fever, general- 
ized dilatation of the nail-fold capillary bed had 
usually begun to subside, though isolated dilatation 
of one or more venular segments frequently per- 
sisted for one to two weeks. These dilatations 
were particularly striking in their abrupt de- 
marcation from the arterial segments, thereby re- 
sembling microaneurisms. In those patients who 
developed hypotension, dilatation of the nail-fold 
capillary bed was often marked and extended be- 
yond the fourth day of illness (Figure 2). The 
capillary dilatation usually persisted throughout 
the duration of the hypotensive period. 

By the sixth day of hemorrhagic fever, capillary 
constriction appeared, and during the seventh and 
eighth days of illness, the capillary vessels attained 
their narrowest caliber. Although this constriction 
involved the arterial segments of the capillary loops 
most severely, the venular segments were also at- 
tenuated. In patients who developed significant 
hypertension, the capillary bed became severely 
constricted, though intense constriction also oc- 
curred in the absence of clinical hypertension. 

By the ninth or tenth day of illness, the diam- 
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eters of the arterial and venous capillary segments 
generally began to return towards normal. Serial 
photomicrographic tracings of nail-fold capillary 
diameter changes in a representative patient with 
a moderately severe case of hemorrhagic fever are 
shown in Figure 3. 

2) Capillary vasomotor activity. The intensity 
of capillary vasomotor activity (and/or plasma 
“skimming” ) during hemorrhagic fever exhibited 
an inverse relation to the severity of capillary dila- 
tation. During the initial four days of illness, few 
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“gaps” in capillary blood flow were seen. If sys- 
temic arterial hypotension developed, the “gaps” 
in blood flow usually subsided entirely. By the 
fifth day of illness, the frequency of “gaps” in capil- 
lary blood flow increased, becoming most intense 
in those patients who developed systemic arterial 
hypertension, and then began to decrease towards 
normal by the ninth or tenth day of illness (Figure 
4). 

3) Blood flow. In most patients with hemor- 
rhagic fever there were no marked alterations in 
the rate of capil:ary blood flow. However, during 
systemic arterial hypotension, a diminution in rate 
or actual stagnation of flow developed despite 
maintenance of warm extremities. During the hy- 
pertensive phase, rate of capillary blood flow in- 
creased above normal in approximately 30 per 
cent of the cases. 

4) Sludging. Distribution of erythrocytes in 
the blood flowing through the capillary bed usu- 
ally remained homogenous. In five patients with 
hemorrhagic fever, during the shock phase, 1 to 2 
plus clumping of red blood cells was seen. 


B) Relation of nail-fold capillary changes to the 
clinical course of hemorrhagic fever 


1) The degree of capillary dilatation varied 
markedly from one patient to another, sometimes 
with no apparent relation to the severity of illness. 
Considered as a group, however, patients with a 
mild clinical course exhibited minimal or no capil- 
lary alterations, whereas patients with severe ill- 
ness and shock developed more marked capillary 
dilatation (Table II). 

2) Approximately 30 per cent of patients dur- 
ing the hypotensive phase of hemorrhagic fever 
failed to exhibit any increase in mean widest capil- 
lary diameter. 

3) Decreased vasomotor activity (and/or 
plasma “skimming”) was a more sensitive indi- 
cator of the presence of capillary involvement dur- 
ing the hypotensive phase of hemorrhagic fever 
than was an increase in mean widest capillary 
diameter. Although marked diminution or cessa- 
tion of vasomotor activity invariably accompanied 
an increase in mean widest capillary diameter, one 
third of patients without detectable capillary dila- 
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TABLE Il 


Increases in mean widest nail-fold capi diameter in patients during the hypotensive phase of hemorrhagic 
fever and during other infectious illnesses 


Severity of clinical course Moderate Severe 
Avg. Rangeof % cases Avg. Rangeof % cases 
increase increase with no 


cases (micra) (micra) increase cases (micra) (micra) increase cases (micra) (micra) increase 
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1 10 


Infectious mono- 
nucleosis 

Generalized urticaria 
following penicillin 
given for upper re- 
spiratory illness 


tation exhibited a significant reduction in vaso- the blood urea nitrogen was rising rapidly and 
motor activity. Stated another way, during the albuminuria was maximal (Figure 5). 
hypotensive phase of hemorrhagic fever, 70 per 5) Changes in venous hematocrit seemed to bear 
cent of the patients exhibited an increase in mean a distinct relation to changes in nail-fold capillary 
widest capillary diameter, whereas 80 per cent of dilatation; thus, evidence of greatest plasma leak- 
the patients showed a reduction in vasomotor age as indicated by a rising hematocrit occurred 
activity. during the phase of maximum capillary dilatation, 
4) Subsidence of capillary dilatation or develop- and greatest resorption of plasma as indicated by 
ment of capillary constriction occurred at the time a falling hematocrit occurred during maximum 
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capillary constriction (Figure 5). Since intake of 
fluids was usually carefully controlled to match 
total output (10), these hematocrit changes prob- 
ably reflect alterations in general capillary perme- 
ability. 

6) Gross conjunctival injection and facial- 
thc: acic flush persisted several days to one or two 
weeks after subsidence of the nail-fold capillary 
dilatation and remained unaltered despite the de- 
velopment of nail-fold capillary constriction. The 
conjunctival injection and facial-thoracic flush 
were also consistently observed in those patients 
exhibiting no evidence of nail-fold capillary dila- 
tation or decreased vasomotor activity. 


C) Effect of various forms of therapy on nail-fold 
capillary alterations in hemorrhagic fever 


1) Tetracyclines in oral dosages of up to 4 Gms. 
daily did not significantly alter the nail-fold capil- 
lary changes. 

2) The intravenous infusion of concentrated hu- 
man albumin into five patients during the shock 
phase raised systemic arterial blood pressure and 


accelerated capillary blood flow but did not alter 
the other characteristics of the dilated nail-fold 
capillary bed. 

3) The intravenous infusion of /-norepinephrine 
in quantities of up to 1.0 gamma per Kg. per min- 
ute into 10 patients with hypotension and 8 non- 
hypotensive patients during the first afebrile day 
failed to significantly alter mean widest capillary 
diameter or vasomotor activity (and/or plasma 
“skimming”), although mean systemic arterial 
bloc.: pressure was elevated by 10 to 24 mm. Hg. 
This is in sharp contrast to the effect in patients 
without infectious disease in whom capillary con- 
striction and vasomotor activity is thereby in- 
creased markedly (23). Rate of capillary blood 
fiow usually increased slightly with /-norepineph- 
rine infusions, concomitant with the rise in arterial 
blood pressure. 

4) Sixteen patients received oral cortisone for 
five successive days, beginning on the second or 
third day of illness with daily dosages of 300, 200, 
200, and 100 mg., respectively. If capillary ab- 
normalities already existed when cortisone therapy 
was initiated, as seen in eight patients, there was 
no significant restorative effect. Six of the eight 
patients who received cortisone prior to the ap- 
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pearance of vascular alterations subsequently de- 
veloped capillary dilatation and impaired vaso- 
motor activity (and/or plasma “skimming”). 

5) During the phase of maximum capillary 
dilatation, three patients were given single intra- 
venous doses of 0.6 mg. per Kg. of Benadry!® over 
a five minute period. Rate of capillary blood flow 
and vasomotor activity (and/or plasma ‘skim- 
ming”) increased slightly. The mean widest capil- 
lary diameter decreased 5 micra in two patients. 
These changes were transient, persisting 10 to 30 
minutes. In the one patient in whom this initial 
dose was followed by an intravenous infusion of 
Benadryl® at a rate of 0.3 mg. per Kg. per hour, 
the initial alteration in the capillary bed was not 
maintained. 


II. Febrile illnesses other than hemorrhagic fever 


Those febrile illnesses other than hemorrhagic 
fever that were studied for evidences of capillary 
alterations are indicated in Table I. Most of these 
patients, despite pyrexia of up to 105° F., ex- 
hibited no consistent detectable nail-foid capillary 
changes. An increase in mean widest capillary 
diameter and decreased vasomotion (and/or 
plasma “skimming”), similar to that seen in pa- 
tients with hemorrhagic fever, was observed dur- 
ing the febrile stages in single patients with in- 
fectious mononucleosis, scrub typhus, and Rocky 
Mountain spotted fever. One patient with general- 
ized urticaria following penicillin acministration 
for an upper respiratory infection a!so exhibited 
these changes. The increases in mean widest capil- 
lary diameter in these patients are indicated in 
Figure 1 and Table II. In addition, several peri- 
capillary hemorrhages were observed in the pa- 
tient with scrub typhus. The abnormal capillary 
findings persisted for several days following defer- 
vescence. Since only one patient with each of these 
illnesses was observed, no attempt is made to cor- 
relate the capillary alterations with the clinical 
course. It should be noted, however, that the 
patient with infectious mononucleosis developed a 
diffuse macular eruption and that the patients 
with scrub typhus and Rocky Mountain spotted 
fever both exhibited clinical and laboratory evi- 
dences of diffuse and severe injury to the capillary 
vascular system. Such capillary injury was indi- 
cated by a marked rise in venous hematocrit, pe- 
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Fic. 6. INTERPRETIVE SUMMARY OF CHANGES DuRING 
Hemorruacic Fever 


techial and hemorrhagic lesions on cutaneous and 
mucosal surfaces, strongly positive Rumpel-Leede 
tests, systemic arterial hypotension, and 2 to 3 plus 
albuminuria with microscopic hematuria, despite 
the institution of specific antibiotic therapy after 
approximately four days of illness. Moreover, the 
possibility that the severity and duration of the 


nail-fold capillary alterations may have been miti- 
gated by the antibiotic therapy could not be ade- 


quately evaluated. In subsequent studies, two 
other patients with Rocky Mountain spotted fever 
were observed throughout the latter portion of the 
febrile phase and during convalescence. Despite 
pyrexia to 105° F., neither patient exhibited any 
significant nail-fold capillary alterations. How- 
ever, the cutaneous eruption in both cases was 
minimal in intensity and in neither of these patients 
was there any objective clinical or laboratory 
signs of generalized capillary injury. 


DISCUSSION 


By direct microscopy, alterations of the nail-fold 
capillary bed in patients acutely ill with various in- 
fectious diseases could be followed serially and cor- 
related with the clinical course. Single obser- 
vations were of limited value since the nail-fold 
capillary bed exhibited considerable individual var- 
iations. However, when considered collectively, 
the changes assumed certain patterns. For patients 
with hemorrhagic fever, the capillary alterations 
are presented as an interpretive summary (Figure 
6). Arranged in order of frequency, decreased 


vasomotor activity (and/or plasma “skimming” ), 
refractoriness to /-norepinephrine, dilatation, and 
hemorrhagic diathesis were the outstanding fea- 
tures observed in the nail-fold capillary bed dur- 
ing the febrile and hypotensive phases of illness. 
The decrease in vasomotor activity (and/or plasma 
“skimming”), the capillary dilatation, and the 
hemorrhagic diathesis, when compared with the 
control group of patients with other infectious ill- 
nesses, were significant (“t” > 3.5 for each altera- 
tion). The nail-fold capillary refractoriness to 
l-norepinephrine was also significant when con- 
trasted with a group of patients with norinfectious 
diseases (23) studied previously (in the 0.16 to 
0.20 gamma per Kg. per minute range, “t” equals 
5.4). Insufficient data on the /-norepinephrine 
reactivity of the nail-fold capillary bed during other 
infectious illnesses precludes analysis as to the 
specificity of such capillary refractoriness for he- 
morrhagic fever. Slowing of capillary blood flow 
and sludging of erythrocytes during the febrile 
and hypotensive stages of hemorrhagic fever were 
not significant. 

In contrast to the earlier phases of illness, in- 
creased vasomotor activity (and/or plasma “skim- 
ming”) and vasoconstriction developed in the nail- 
fold capillary bed during the hypertensive-oliguric 
and diuretic phases of hemorrhagic fever. These 
changes, when compared with those of the control 
group of patients with other infectious illnesses, 
were significant (“t” > 2.6 for each alteration). 
Similar alterations in the nail-fold capillary bed 
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have been reported for hemorrhagic fever in Cen- 
tral Russia, probably the same disease as occurs 
in Korea (24). 

It appears likely that the capillary changes ob- 
served during the course of hemorrhagic fever are 
not restricted to the nail-fold area, but rather re- 
flect a general reaction pattern. Postmortem ma- 
terial from cases of hemorrhagic fever demon- 
strates th: the initial dilatation of the nail-fold 
capiller; »essels is not localized to the cutaneous 
area but that similar capillary dilatation occurs dif- 
fusely (12-14). Furthermore, the clinical and 
laboratory findings also indicate diffuse capillary 
dysfunction (10, 11). The close correlation of 
changes in venous hematocrit and nail-fold capil- 
lary diameter especially suggests that the nail- 
fold capillary alterations may reflect generalized 
similar capillary changes. However, Russian in- 
vestigators have recently demonstrated that the 
cutaneous capillaries of the chest and abdomen re- 
main dilated during the phase of nail-fold capillary 
constriction and conclude that the capillary altera- 
tions during hemorrhagic fever are of a “seg- 
mental character” (24). Such regional dissocia- 
tion of small vessel caliber during the Jater stages 
of hemorrhagic fever has been confirmed by the 
present study. Although the basis for this seg- 
mental capillary involvement is as yet undeter- 
mined, it seems unlikely that an infectious or hu- 
moral agent would constrict the capillary bed in 
one cutaneous area while simultaneously dilating 
comparable vessels in another cutaneous area. 
As will be indicated, it also seems improbable that 
regional variations in neurogenic factors produce 
the “segmental” capillary alterations. An alterna- 
tive explanation which considers the regional vari- 
ations in intensity of the initial capillary damage 
appears the most plausible. Although the capil- 
lary injury initiated during the febrile and hypo- 
tensive phases of hemorrhagic fever is generalized, 
the severity of this capillary injury is not uniform. 
Postmortem studies indicate that certain capillary 
areas such as the renal medulla, anterior pituitary, 
and right atrium are consistently involved more 
extensively than are most other areas (12-14, 25). 
Furthermore, 20 per cent of all patients with he- 
morrhagic fever exhibited no detectable nail-fold 
capiliary alterations during the febrile and hypo- 
tensive phases despite concomitant clinical evi- 
dence of generalized capillary dysfunction. Even 
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the intensity of the cutaneous capillary involve- 
ment appears to vary markedly in different re- 
gions since the small vessels of the face and thorax 
usually remained dilated for several days to one 
or two weeks following subsidence of the nail-fold 
capillary dilatation. Indeed, conjunctival and fa- 
cial-thoracic capillary dilatation were consistently 
present in patients exhibiting no evidence of nail- 
fold capillary dilatation. Since those capillary 
areas most severely injured may remain refractory 
to constrictor stimuli longer than other vascular 
regions less severely affected, the “segmental” 
capillary constriction during the latter stages of 
hemorrhagic fever may in part reflect regional dif- 
ferences in intensity of the initial small vessel 
injury. 

The physiologic basis for the nail-fold capillary 
caliber alterations during hemorrhagic fever is 
unknown. The initial capillary dilatation might 
be passive (i.e., increased “stretching”) secondary 
to increased inflow of blood, impairment of out- 
flow, or increased blood volume with “capillary 
storage” of blood such as described for polycy- 
themia vera (19) ; or the capillary dilatation might 
be active due to loss of vascular tone. During the 
febrile and hypotensive phases of hemorrhagic fe- 
ver, digital blood flow and antecubital venous pres- 
sures are often normal (26-28) ; blood volume is 
decreased (29). Such evidence suggests that the 
nail-fold capillary dilatation is related to loss of 
vascular tone, although the participation of venu- 
lar constriction cannot be excluded. Similarly, the 
nail-fold capillary attenuation might be passive 
(i.e., diminished “stretching”) secondary to de- 
creased inflow of blood, facilitation of outflow, or 
decreased blood volume (antithesis of the “storage 
effect”) ; ci the capillary attenuation might be ac- 
tive due to increased vascular tone. During the 
hypertensive phase of hemorrhagic fever, digital 
blood flow may be increased above normal (26, 
27); blood volume and antecubital venous pres- 
sures are generally normal (28, 29). Such evi- 
dence suggests that the nail-fold capillary attenu- 
ation results from an active increase in vascular 
tone. 

The mechanism underlying the generalized cap- 
illary injury initiated early in the course of he- 
morrhagic fever is undetermined. It has been 
postulated that intense and generalized arteriolar 
dilatation per se might induce the diffuse capil- 
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lary damage (25). It is unlikely, however, that 
the nail-fold capillary dilatation and reduction of 
vasomotion (and/or plasma “skimming”) was 
secondary to cutaneous arteriolar dilatation since 
cutaneous arteriolar dilatation, as seen after cervi- 
cothoracic sympathectomy, results in a decrease in 
nail-fold capillary diameter (18). Moreover, dur- 
ing the infusion of /-norepinephrine for several 
days in 10 patients during the hypotensive phase 
of hemorrhagic fever, the fingers became cool and 
the nail-fold capillary circulation decreased. De- 
spite these signs of digital arteriolar constriction, 
the nail-fold capillary loops remained dilated. 
Further evidence against the role of arteriolar 
dilatation is provided by observations that arterio- 
lar dilatation fails to alter capillary diameter or 
vasomotor activity of the normal mammalian cap- 
illary bed (18, 30, 31). Indeed, even the existence 
of generalized arteriolar dilatation in the usual pa- 
tient with hemorrhagic fever seems improbable, 
since a widening of arterial pulse pressure, a de- 
crease in peripheral resistance, and “capillary pul- 
sations” were generally absent (9-11, 32). It 
appears more likely, therefore, that unidentified 
noxious factors act directly upon the capillary bed 
during the febrile and hypotensive phases of he- 
morrhagic fever. Attempts to define the presence 
of humoral capillary damaging factors in patients 
with hemorrhagic fever will be presented in a 
subsequent paper. 

The etiology of the hypotensive phase of he- 
morrhagic fever has received considerable study. 
A generalized loss of arteriolar tone, or inability 
of the arterioles to respond to constrictor stimuli, 
suggested as a possible causative mechanism (25), 
did not appear responsible as peripheral resistance 
was found elevated in most patients with hypo- 
tension (32). Generalized capillary dilatation, 
however, may induce arterial hypotension by re- 
ducing effective circulating blood volume (33, 34). 
A further reduction of effective circulating blood 
volume, induced by plasma leakage through dam- 
aged capillary walls, would be favored by a de- 
crease in capillary vasomotor activity (35). Thus, 
two mechanisms for the systemic arterial hypo- 
tension during hemorrhagic fever—capillary dila- 
tation and loss of vasomotor activity—are reflected 
in the changes seen in the nail-fold capillary bed. 

Compared to the development of nail-fold capil- 
lary dilatation over a 48 to 96 hour period, con- 
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striction of the capillary bed usually developed 
within 24 to 48 hours, p-ralleling the rapid ap- 
pearance of hypertensive systemic arterial blood 
pressure levels. Nail-fold capillary vasomotor ac- 
tivity (and/or plasma “skimming”’) increased si- 
multaneously. Such increase of vasomotor ac- 
tivity, if generalized, would favor resorption of 
interstitial fluid (35), and might account in part 
for the rapid fall in hematocrit during this phase. 
Since present evidence suggests that neurvgenic 
factors play no significant role in the production of 
nail-fold capillary constriction or enhanced vaso- 
motion (18, 36), ar’ since the fingers of patients 
during the phase of nail-fold capillary constriction 
remained warm and capillary blood flow remained 
rapid, it seems unlikely that neurogenic factors 
were primarily responsible for the nail-fold capil- 
lary constriction. The role of humoral factors in 
the production of the nail-fold capillary constric- 
tion, however, is unknown. Although the hyper- 
tensive state and the nail-fold capillary constric- 
tion usually developed at the time albuminuria was 
maximum and the blood urea nitrogen was increas- 
ing rapidly, the participation of renal vasocon- 
strictor substances remains speculative and un- 
proven. 

An agent that mitigates the diffuse capillary 
damage in hemorrhagic fever has not been found. 
The tetracyclines, Benadryl®, cortisone, concen- 
trated serum albumin, and /-norepinephrine did not 
significantly prevent or reverse the nail-fold capil- 
lary dilatation or loss of vasomotor activity (and/ 
or plasma “skimming” ). These agents, moreover, 
failed to materially alter the clinical course of the 
illness (11, 37, 38). 

The majority of patients acutely ill with infec- 
tious diseases other than hemorrhagic fever, de- 
spite pyrexia to 105° F., failed to exhibit any sig- 
nificant nail-fold capillary alterations. However, 
in single patients with scrub typhus and infectious 
mononucleosis, the serial nai!-fold capillary find- 
ings during the febrile stages were indistinguish- 
able from those during the febrile and hypotensive 
phases of hemorrhagic fever. Comparable capil- 
lary changes also developed in one patient with 
Rocky Mountain spotted fever who exhibited con- 
comitant clinical evidence of severe and generalized 
small vessel injury. The nail-fold capillary altera- 
tions during the febrile and hypotensive phases of 
hemorrhagic fever are therefore not specific, but 
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appear to represent a basic vascular response pat- 
tern to a variety of infectious agents. Whereas 
the mechanism for these capillary changes during 
hemorrhagic fever remain unknown, such altera- 
tions during scrub typhus and Rocky Mountain 
spotted fever may be explained, in part at least, 
by the direct rickettsial invasion of the vessel wall 
(7). As with hemorrhagic fever, it seems likely 
that the capillary alterations in the patients with 
scrub typhus and Rocky Mountain spotted fever 
are not peculiar to the nail-fold area but reflect the 
diffuse small vessel injury which characterizes 


most rickettsial infections (7). Although Q fever © 


is classified as a rickettsial infection, clinically and 
pathologically this disease is very different from 
the other rickettsial infections. In man, no im- 
portant lesions are found outside the lungs; the 
characteristic diffuse involvement of small blood 
vessels, including those of the skin such as occurs 
with the other rickettsial agents, are conspicuously 
absent (7). It appears significant, therefore, that 
no consistent nail-fold capillary alterations were 
noted in the nine patients clinically ill with Q fever. 
However, since these patients all received specific 
antibiotic therapy after the first day of fever (15), 
the possibility of capillary alterations occurring 
later in the untreated disease cannot be excluded. 
The significance of the nail-fold capillary changes 
in the patient with infectious mononucleosis is un- 
known. Although petechial hemorrhages may ap- 
pear on the hard palate (39), the presence of the 
cutaneous eruption and the absence of any patho- 
logical description or clinical evidence of visceral 
capillary injury in this disease (40-42) suggest 
that the capillary changes in this patient may have 
been limited to the cutaneous area. 


SUMMARY 


Alterations of the nail-fold capillary vessels of 
71 patients with hemorrhagic fever and 51 patients 
with a variety of other infectious illnesses have 
been followed serially by direct microscopy : 


A) Hemorrhagic fever 


1. Arranged in order of frequency, decreased 
vasomotor activity (and/or plasma “skimming”), 
refractoriness to /-norepinephrine, increase in mean 
widest diameter, and hemorrhagic diathesis were 
the outstanding features observed during the fe- 
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brile and hypotensive phases. Slowing of capillary 
blood flow and sludging of erythrocytes were less 
conspicuous. 

2. The intensity of the capillary dilatation and 
loss of vasomotor activity (and/or plasma “skim- 
ming”) paralleled the severity of the clinical 
course, although considerable variation occurred 
in individual cases. Twenty per cent of the pa- 
tients failed to exhibit any such capillary altera- 
tions in the nail-fold area despite concomitant clini- 
cal and laboratory evidences of diffuse capillary 
injury. 

3. The dilatation and loss of vasomotor activity 

(and/or plasma “skimming” ) in the nail-fold capil- 
lary bed were not prevented nor significantly re- 
versed by administration of tetracyclines, Bena- 
dryl®, cortisone, serum albumin, or /-norepineph- 
rine. 
4. The mean widest capillary diameter returned 
toward normal, in the average patient, by the fifth 
day of illness. Constriction of the nail-fold capil- 
lary bed and heightened vasomotor activity (and/ 
or plasma “skimming”) subsequently appeared 
during the hypertensive-oliguric and diuretic 
phases of illness. 

5. The alterations of the capillary vessels are 
not peculiar to the nail-fold area; rather they ap- 
pear to reflect the presence of injurious factors 
acting diffusely and directiy, although not uni- 
formly, upon the capillary vascular system. 


B) Other infectious illnesses 


1. Most patients with infectious illnesses other 
than hemorrhagic fever, despite pyrexia to 105° 
F., exhibited no nail-fold capillary alterations. 

2. The nail-fold capillary changes in two pa- 
tients with clinical evidence of diffuse and severe 
capillary injury during scrub typhus and Rocky 
Mountain spotted fever were indistinguishable 
from those seen during the febrile and hypotensive 
phases of hemorrhagic fever. Comparable altera- 
tions were also noted in one patient with infectious 
mononucleosis associated with cutaneous mani- 
festations. 

3. Nine patients with early Q fever, in con- 
trast to the patients with the other rickettsial dis- 
eases studied, exhibited no significant alterations 
of the nail-fold capillary vessels. These differ- 
ences may be related to differences in the clinical 
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and pathological findings in the various rickettsial 
infections. 

4. Of the nail-fold capillary changes observed 
during the febrile and hypotensive phases of he- 
morrhagic fever and during the course of the other 
infectious illnesses, none were specific for any 
given disease ; indeed such changes appear to rep- 
resent a general response pattern to a number of 
infectious agents that act primarily upon the capil- 
lary vascular system. Nail-fold capillary constric- 
tion and heightened vasomotor activity (and/or 
plasma “skimming”), however, as occurred dur- 
ing the hypertensive phase of hemorrhagic fever, 
appeared to be specific for this infectious illness. 
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The depressant effect of adrenal steroids on the 
release of pituitary adrenocorticotrophic hormone 
(ACTH) was first demonstrated by Ingle in the 
experimental animal in 1937 (1). This observa- 
tion has been confirmed by many investigators 
(2-7), but not by all (8). In man the clinical, 
morphological and biochemical evidence for ster- 
oidal inhibition of pituitary secretion is impressive 
but there are few actual measurements of blood 
ACTH reported. There is substantial evidence for 
an increased level of circulating ACTH in Addi- 
son’s disease (9, 10) and postoperative bilaterally 
adrenalectomized patients (11), but an adequate 
quantitative evaluation of this activity has not been 
available. Evidence for an increased secretion of 
ACTH in the adreno-genital syndrome (12) is 
also convincing, but similar increases reported in 
rheumatic fever (13), Cushing’s disease (14), 
pregnancy (14), the early post-partum period 
(15), and other conditions (16) have not been 
confirmed. 

The present study was undertaken to determine 
the level of ACTH in peripheral blood in Addi- 
son’s disease and to observe the effects of adrenal 
steroids on the alteration of this activity. 


METHODS 


The assay procedure followed in these studies has 
been previously described by Nelson and Hume (17) and 
utilizes the production of corticosteroids by the adrenal 
cortex of the hypophysectomized dog as a measure of 
ACTH activity in administered human plasma. It was 
performed as follows: 40 to 60 milliliters of blood were 
withdrawn from the patient into a heparinized syringe. 
The plasma was immediately separated by centrifugation 
and frozen. Within one to six days the plasma was in- 
jected into the assay animal. The assay was performed 
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in a hypophysectomized dog in which a catheter had been 
placed in the right adrenal vein in such a way as to make 
intermittent, complete collections of the adrenal venous 
effluent possible. Physiological saline solution contain- 
ing 0.01 N hydrochloric acid and 1 mU of U.S.P. Stand- 
ard ACTH per ml. was used as a reference against which 
the plasma activity was measured. One, 2, 5 and 8 ml. of 
this standard, and 20 to 30 ml. of plasma were injected 
into the adrenal by the femoral vein during a two min- 
ute period. (The difference in volumes injected did not 
appear to affect the result significantly. Although use 
of whole plasma allows possibly toxic substances to be 
injected with the ACTH, acid-acetone, and oxycellulose 
purified extracts of duplicate samples of plasma always 
showed less ACTH activity than was present in the whole 
plasma.) One minute later the adrenal venous collection 
was begun and continued for exactly 10 minutes. A 5 ml. 
aliquot was removed and the remaining blood was re- 
turned to the venous circulation of the dog. The in- 
terval between collections was 30 minutes. In the per- 
formance of a typical assay, two control samples of 0.01 N 
HCI in saline and five unknown plasma samples were 
alternated with nine ACTH standard injections. Studies 
in this laboratory (18) and by Granirer (15) have shown 
that ACTH will retain its potency in frozen plasma for 
at least three or four weeks. The content of 17-hydroxy-. 
corticosteroids in the aliquot of whole blood removed 
from the adrenal vein of the dog was determined by a 
slight modification of the method of Nelson and Samuels 
(19). 

Each determination required the withdrawal of at least 
40 ml. of blood from the patient and it was therefore 
usually impossible to perform the determinations for 
ACTH in duplicate. Values of ACTH in this paper are 
expressed in mU per 100 ml. of plasma. The ACTH 
concentration of the plasma sample and its standard er- 
ror were estimated in logarithmic terms by the use of 
the usual formulae from a comparison of the effect of an 
injected plasma sample on the release of 17-hydroxy- 
corticosteroids with the response given by graded doses 
of U.S.P. Standard ACTH (20). By conversion to anti- 
logarithms, the desired values are obtained in mU. Since 
the addition of logarithms implies multiplication of anti- 
logarithms, the plus-minus symbols (+) usually used for 
standard errors are changed to the multiplication-division 


symbols (7°) for the mU (antilogarithms), as shown in 
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the following example: 

Estimate of 
potency 
0.903 
8mU 


Standard 
error 
In logs +0.114 
In antilogs X1.30 


In this example, the standard error may also be cited 
as 30 per cent of the potency estimate: (1.30— 1.00) 100 
equals 30 per cent. Squaring the antilogarithm of the 
standard error prior to multiplication and division will 
give the approximate 95 per cent confidence limits of each 
value. Differences between groups of values were evalu- 
ated by Student’s “t” test; the two tail test being applied 
to the differences between groups of values in different 
patients and the one tail test for differences in the same 
patient (21). The lower limit of sensitivity of the assay 
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varies somewhat depending on the individual responsive- 
ness of the adrenal gland of the assay animal. In general, 
a significant increase in 17-hydroxycorticosteroid con- 
tent of the adrenal venous blood was seen with 0.75 to 1.5 
mU of ACTH. Therefore, depending on the amount of 
plasma administered, the minimal detectable level ex- 
pressed per 100 ml. of plasma is about 2 to 5 mU per 
100 ml. and values shown in the tables as “zero” could 
thus be somewhat elevated over normal if they should 
fall below this lower limit of sensitivity. Such values 
are more correctly expressed as “nondetectable” than as 
zero or negative values, but for convenience the zero 
symbol is retained in the tables. It was impossible to 
calculate satisfactorily an exact upper limit of these zero 
values. 


TABLE I 


Plasma ACTH in normal subjects, hospitalized patients with normal adrenal function, 
and patients with Addison's disease 


ACTH 
mU/100 ml. 


Xand + by 


ACTH 
mU/100 ml. S.E.M, 


Normal subjects 
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Hospitalized patients 
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Addisonian patients 
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* Limits cannot be calculated for these values. 
t Adrenal insufficiency due to bilateral adrenalectomy. 


& 
Patient 
0 0 
0 F 0 
F 0 0 
0 0 
0 0 
0 0 
: . 0 0 
0 0 
2.44 
1.29 
1.43 
1.52 
1.46 
1.39 
1.87 
1.58 
3 1.57 


PLASMA ACTH IN ADDISON’S DISEASE 


Effect Of Hydrocortisone On Plasma ACTH 


In Addison's Disease 


milliunite of ACTH per 100ml. of Plosme 


Hours 


® HYDROCORT! SONE 


8 


Fic. 1. Inrusion oF Hyprocortisone ror Eicut Hours on Eicut Occa- 
SIONS TO Four ADDISONIAN PATIENTS 

The 5 mg. infusion was for four hours in a fifth patient. A distinctive line 

and symbol is shown for each patient, the symbol indicating the plasma level 

of ACTH expressed in mU per 100 ml. of plasma. Values at the zero line 

indicate activity was not detectable. Comparison of initial and final values 

by one tail “t” test gives a p of < 0.0025 for 20 mg. dose and < 0.20 for 10.0 


mg. dose. 


RESULTS 


Table 1 shows the results of ACTH determina- 
tions performed on plasma samples from 2° pa- 
tients with Addison’s disease, three bilaterally 
adrenalectomized patients, eight hospitalized pa- 
tients without adrenal dysfunction, and eight nor- 
mal suk, ects. All samples were withdrawn in the 
fasting state between 7:30 and 9:00 A.M. The 
patients with adrenal insufficiency received no 
cortisone for at least 24 hours prior to the venous 
collection and most were on monthly injections of 
25 to 50 mg. of desoxycorticosterone trimethylace- 
tate. A few patients were given added salt during 
the period of study. 

In agreement with most investigators, although 
in disagreement with some, no measurable level of 
ACTH was found in the normal subjects as well 
as in the hospitalized patients with no adrenal dis- 
ease (12, 22,23). In contrast to this group, only 
2 of 28 patients with adrenal insufficiency failed to 
have ACTH activity if more than one plasma sam- 


ple were assayed. The ACTH value for the 32 
patients with adrenal insufficiency was found to 
be 8.4+ 7.4 (S.D.) mU per 100 ml. This value 
was significantly different from the group of con- 
trol subjects (p < 0.001). There were nine pa- 
tients with Addison’s disease in whom ACTH was 
not initially detectable. In three of these, repeat 
values showed detectable levels of activity, in four 
no repeat determinations could be obtained, and 
in two repetition gave a negative result on two and 
four occasions, respectively. One patient who had 
partial adrenal insufficiency had ACTH activity 
present on the three occasions on which it was 
measured. 

Figures 1, 2, and 3 illustrate the ACTH values 
obtained in 10 patients with Addison’s disease 
given 16 infusions of 2.5 to 20 mg. of free hydro- 
cortisone in normal saline for periods varying 
from two minutes to eight hours. Samples of 
plastina for ACTH assay were obtained at intervals 
prior to, during, and up to 12 hours following the 
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Effect Of Hydrocortisone On Plasma ACTH 
in Addison's Diseose 


Hydrocortisone 
5 mg. iv. 


2 hours 


ACTH 
Plasma 


of 


* 10mg. dose 
Fic. 2. Inrusion or 5 Mc. or Hyprocortisone Over a Two Hour Pertop 
To THREE Patients AND 10 Me. to a FourtH PATIENT 


Plasma was assayed up to eight hours following the end of the infusion. 
P for significance of difference between initial and lowest values is < 0.10. 


RESPONSE OF PLASMA ACTH 
AND CORTICOSTEROIDS TO 


HYDROCORTISONE INJECTION 


45 6 9 10 12 
Hours Following Injection 


Fic. 3. Twenty Mc. or Hyprocortisone Given INTRAVENOUSLY TO THREE 
ADDISONIANS IN A Two MINuTE PeEriop 
Blood corticosteroids and ACTH activity were measured concurrently 
up to 12 hours following this infusion. P for significance of difference be- 
tween initial and final values at one hour is < 0.10. 
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PLASMA ACTH IN ADDISON’S DISEASE 


Effect Of Various Steroids 


On Plasmo ACTH In Addison's Disease 


milliunits of ACTH per 100ml. of Piasme 


Progesterone: 50mg. (Shr. i.v.) 


DOC : SOmg iv) 
DOCA : 25m¢. 


ODOC : 


Hours 


* Piesme somple taken 7hours ofter 


ore! administration of 9a Fiuorohydrocortisone 
Fic. 4. InFusION oF PROGESTERONE, Free DesoxycorticosTeRONE (DOC), AND 
DEsOxYCORTICOSTERONE ACETATE (DOCA) tn Four AppISsONIANS 
Prednisone (A1E) was given intravenously in two hours and 9-a fluorohydrocorti- 
sone (9a FF) was given by mouth. P for significance of difference between initial and 


final values for DOC and DOCA is < 0.05. 


beginning of the infusion. Plasma 17-hydroxy- 
corticosteroids were determined at the same time 
as ACTH in three of these studies as shown in 
Figure 3. The infusions were maintained at a 
constant rate and, therefore, samples taken at in- 
termediate points represent the effect of the frac- 
tion of the total steroid dose administered at that 
particular time. For example, one-fourth of the 
20 mg. dose shown in Figure 1 had suppressed 
ACTH activity and represents the éffect of 5 mg. 
given for two hours at the same infusion rate. 
Analysis of the ACTH values obtained prior to 
and at the lowest point during or following the in- 
fusion of hydrocortisone in the studies at 5, 10, 
and 20 mg. dose levels reveals that a significant 
fall in ACTH concentration had occurred (p < 
0.05 > 0.025). Further analysis of the smaller 
groups separated by dosage and duration of infu- 
sion is given in the legend of each table. The 
groups in these smaller dose ranges were too small 
to lend significance to observed changes; how- 
ever, it would appear that the smaller doses were 
less effective in suppressing ACTH than was the 
20 mg. dase. The effect of intravenous desoxy- 
corticosterone, prednisone, and oral 9-a fluoro- 


hydrocortisone on the suppression of plasma 
ACTH are shown in Figure 4. 


DISCUSSION 


Although attempts have been made to measure 
the levels of ACTH found in the plasma of pa- 
tients with Addison’s disease, the majority of re- 
ports deal only with the qualitative presence or 
absence of activity. Sydnor, Sayers, Brown, and 
Tyler have reported values of 2 to 4 mU ACTH 
per 100 ml. of whole blood in two Addisonian pa- 
tients (24). Parrott has reported a similar pa- 
tient with a level of 104 mU ACTH per 100 ml. 
of plasma while on treatment with 25 mg. of corti- 
son (10). Values for circulating ACTH reported 
previously by Parrott for normal subjects, and 
particularly those found in patients with various 
diseases, have been criticized because they seemed 
unreasonably high (11). The methods used by 
these authors and others require the injection of at 
least 20 ml. of human plasma or its equivalent into 
the rat for a reliable estimation of ACTH potency 
in the administered plasma or plasma extract. 
The rat, the assay animal used in the ascorbic acid 


1705 
2 Om, Ne 
Cm 
4 
garr* 
S mg. po. 
- 
‘ 
| 


1706 


depletion method, may be adversely affected if it 
receives more than 2 to 4 ml. of human plasma 
intravenously. Therefore, various procedures for 
the extraction or concentration of ACTH have 
been applied to the plasma prior to the actual assay 
by that method. Variations in recovery by the 
methods employed to extract ACTH before ad- 
ministration to the test animal may explain dis- 
crepancies in results found by different groups of 
workers (25, 11). The method used in this study 
allows the direct injection of 20 to 40 ml. of plasma 
into the assay animal and should obviate the diffi- 
culties in the extraction inherent in other pro- 
cedures. Twenty-six of 28 patients with Addison’s 
disease examined by this procedure had a measur- 
able level of ACTH when adequate numbers of 
plasma samples were assayed. The mean value 
found for this group of 28 was 9.0 + 7.6 mU per 
100 ml. (this excludes those four patients on 
whom repeat determinations were not done and 
which if included give a value of 8.4 + 7.4). This 
value is significantly different (p < 0.001) from 
the results found in the control group of 16 per- 
sons. A similar range of activity has been found 
in two previously reported patients (24) and in 
the adrenalectomized rat (26). 

It has not been possible to correlate the pres- 
ence or absence of ACTH activity with the degree 
of pigmentation or with the duration of the disease. 
However, the fact that all but one of the patients 
had been on cortisone treatment prior to the study 
would perhaps minimize differences which would 
have been otherwise apparent since it has been 
shown that steroid therapy decreases skin pigmen- 
tation in this disease (27). It was of interest that 
one of the patients with partial adrenal insuffi- 
ciency had a level of ACTH comparable to the 
group as a whole. This patient had pigmentation 
typical of Addison’s disease as did all the patients 
in this group of 32. Van Buchem and Arends have 
recently reported two patients with Addison’s 
disease without pigmentation in whom they were 
unable to demonstrate the presence of either ACTH 
or melanophore stimulating hormone activity (28). 

The depressant effect of adrenal steroids on 
plasma ACTH has been shown in the rat, the 
adreno-genital syndrome, and in the postoperative 
adrenalectomized patient. The present studies 
have shown that a similar reduction in plasma 
ACTH occurs in the human with Addison’s dis- 
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ease upon the administration of hydrocortisone. 
The degree of reduction cannot be directly related 
to the dose of administered steroid, but it would 
seem that 5 mg. of hydrocortisone given intra- 
venously during two hours is the smallest dose 
which will usually produce a fall in plasma ACTH. 
Infusion of hydrocortisone at the same rate (2.5 
mg. per hour) over longer periods of time (4 to 8 
hours) will effect more predictable results, and a 
larger dose (10 to 20 mg.) given over a shorter 
period will also produce a more constant reduction 
in ACTH concentration. The suppression of 
ACTH activity persisted for 8 to 10 hours follow- 
ing the infusion of steroid in four of six patients 
during a time when there was almost complete 
disappearance of 17-hydroxycorticosteroids from 
the plasma. Two of the six had a return of ACTH 
activity at six and eight hours following the end 
of the hydrocortisone infusion at a time when the 
steroid levels were equally low. There appears to 
be a variability in the responsiveness of the ACTH 
regulating mechanism in regard to both the ease of 
suppression and the rapidity of reappearance of 
plasma activity following suppression. Factors 
other than the plasma level of 17-hydroxycorticos- 
teroids probably are required to account for the 
differences noted in the behavior of plasma ACTH 
in these patients. 

Most steroids which have a hydrocortisone-like 
activity suppress pituitary ACTH to varying de- 
grees and in general this has been shown to cor- 
relate with their carbohydrate regulating activity 
rather than with their salt retaining effects (4). 
The relative ACTH suppressing activity of proges- 
terone and desoxycorticosterone found in this 
study in man are in approximate agreement with 
those observed in the rat (4). The relatively po- 
tent synthetic steroids 9-a fluorohydrocortisone 
and prednisolone also appeared to be inhibitors of 
ACTH secretion in man. 


SUMMARY 


A bioassay utilizing the adrenal venous blood 
content of 17-hydroxycorticosteroids in the hy- 
pophysectomized dog as a measure of ACTH ac- 
tivity has been applied to a study of the ACTH 
content of human plasma. Fifty-one determina- 
tions in 32 patients with adrenal insufficiency re- 
vealed a mean activity of 84+7.4 mU ACTH 
per 100 ml. of plasma. This was significantly ele- 
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vated over that found for 16 control plasma sam- 
ples obtained from eight normal subjects and from 
eight hospitalized patients without endocrine dis- 
ease in whom no demonstrable activity was found. 
The elevated level of ACTH found in a group of 10 
of the Addisonian patients was significantly re- 
duced by the intravenous infusion of hydrocorti- 
sone. The extent of ACTH suppression was de- 
pendent upon the amount of steroid administered, 
although individual exceptions were noted. Delta- 
1-hydrocortisone and 9-a fluorohydrocortisone also 
appeared to be potent inhibitors of human ACTH 
secretion, whereas desoxycorticosterone had little 
and progesterone no such effect in one subject. 
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Since the experiments of von Basch (1) it has 
been recognized that pulmonary vascular conges- 
tion influences the mechanical behavior of the 
lungs. A number of studies in patients with 
chronic congestive failure have demonstrated 
marked changes in pulmonary elasticity (2-6). 
It has not been possible to determine in such pa- 
tients the relative contributions of pulmonary 
edema, other parenchymal changes, and vascular 
congestion per se to the observed changes. Ex- 
periments with acute congestion in man or living 
animals (7-10) and isolated lungs (11) have 
yielded conflicting results. 

The purpose of the present study was to examine 
in the living animal the effects of acute changes in 
pulmonary arterial and venous pressures aid blood 
flow on the mechanical behavior of the lungs. The 
left atrial pressure and the pulmonary blood flow 
were varied independently. In one set of experi- 
ments, volume-pressure curves were obtained dur- 
ing stepwise inflation and deflation of the lung over 
a wide range of volume starting from the passively 
collapsed state. In another group, pulmonary com- 
pliance and flow-resistance were studied during 
continuous cycling of the lungs in the normal tidal 


range of lung volume. 
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METHOD 


All experiments were done in open-chest dogs. The 
dogs, weighing 16 to 26 Kg., were anesthetized with 
Nembutal® (25 to 45 mg. per Kg. body weight, intra- 
venously). The chest was opened by splitting the sternum, 
and the chest wall was retracted to minimize crowding of 
the intrathoracic viscera during inflation of the lungs. 
The right ventricle was replaced by a pump without in- 
terruption of the circulation as in an experimental prepa- 
ration previously described (12). Systemic venous blood 
was diverted into a reservoir from which it was pumped 
into either the main pulmonary artery or into the two 
pulmonary artery branches separately. 

When both pulmonary arteries were cannulated, the 
blood flow in the lung to be studied was varied by chang- 
ing distribution of flow. In addition, pulmonary flow 
could be varied by changing pump output. Left atrial 
pressure was varied by mechanically altering the sys- 
temic arterial resistance (constriction of the ascending 
aorta, inflation of balloon in ascending aorta, systemic 
A-V shunt). Sometimes additional adjustment of left 
atrial pressure was obtained with an overflow system 
between the left atrium and the venous reservoir. In this 
way changes could be made in pulmonary flow or left 
atrial pressure independent of each other. 

Pulmonary blood flows were measured with rotameters. 
Pressures in the pulmonary arteries distal to the re- 
spective cannulae, in the left atrium, and in the femoral 
or carotid arteries were measured with electromanometers. 
These values were recorded on a direct-writing San- 
born oscillograph. 

Two methods were used to measure the mechanical 
characteristics of the lung. 

1. Stepwise inflation and deflation of one lung (eight 
dogs). In this group of experiments, the blood flow to 
each lung was measured and could be varied independently. 
The trachea was divided by means of a G. Wright double- 
lumen cannula (13), which afforded air-tight separation 
of the two lungs. Airway pressures were recorded with 
an inductance manometer from points near the carina. 
The lung under study was connected to a closed system 
filled with a gas mixture which had approximately the 
same initial oxygen and carbon dioxide tensions as 
mixed venous blood; the gas exchange in this lung was 
thereby minimized. The other lung was ventilated with 
30 per cent oxygen by a Starling pump. 
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A hand-operated Starling pump was interposed between 
the test lung and a spirometer. The lung was allowed to 
deflate passively and was then inflated in steps (50 to 
100 ml.) to an airway pressure of 30 to 40 cm. H,O (see 
Figure 1). Deflation proceeded in similar steps; when a 
pressure near atmospheric was reached, the lungs were al- 
lowed to deflate passively into the spirometer. Transpul- 
monary pressure decreased in the intervals between suc- 
cessive volume steps during inflation; to a lesser extent, 
the reverse obtained during deflation. Because of this 
time dependence, it was necessary to follow a fixed time 
schedule for inflation and deflation. Each volume step had 
the same duration in each run. The interval between steps 
was varied in different experiments from 2 to 10 seconds. 
The interval between runs was one to five minutes, but 
constant during each experiment. The total time per 
run ranged from less than one minute toe four minutes. 

The volume returned to the spirometer on deflation was 
always less than the volume introduced on inflation. 
This deficit was greatest on the first cycle and appeared 
to result from air trapping within the lungs. After a few 
cycles the volume deficit reached a minimum value and re- 
mained constant (4 to 10 per cent of the inflation volume). 
This volume deficit was assumed to be due to a slight 
leakage. 

During the inflation, the arterial pressure in the in- 
flated lung rose due to the increased vascular resistance 
during inflation (Figure 1). In most of the experiments, 
the flow through that lung also decreased, in some runs 
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up to 40 per cent; this could be avoided by adjusting 
screw clamps on the inflow tubings. In several experi- 
ments, the recorded left atrial pressure also increased 
slightly, probably due to elevation of the heart. 

2. Continuous cycling of the lung volume over the nor- 
mal tidal range (four dogs). In these experiments the 
main pulmonary artery was perfused and the airway was 
not divided. The animal was enclosed in a body plethys- 
mograph. The tubes connecting the vascular system to 
the blood pump, and the trachea to the respiratory pump, 
ran through air-tight seals in the plethysmograph wall. 
The respiratory pump consisted of a blower with an elec- 
trically controlled valve, and was connected to the trachea. 
Versatile control of mean pressure, pressure amplitude, 
and cycling frequency was possible. The pressure pattern 
was approximately sinusoidal. End-expiratory carbon 
dioxide was continuously recorded with a Liston Becker 
carbon dioxide analyzer and maintained at desired level 
by adjustment of the tidal volume. No arterial hypoxia 
occurred. Lung volume changes were measured with an 
electrically recording Krogh spirometer connected to the 
body chamber. Transpulmonary pressure versus lung 
volume change and/or pressure versus flow rate were 
displayed on an oscilloscope. 

Pulmonary compliance was measured as the ratio of 
the tidal volume to the change in transpulmonary pres- 
sure between the instants of zero air flow at the tidal 
volume extremes. Pulmonary flow-resistance, which in- 
cludes air flow-resistance and tissue viscosity, was de- 
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Fic. 1. Errects oF STEPwISE INFLATION AND DEFLATION oF Lert LUNG ON VASCULAR AND AIRWAY PREs- 
URES IN THE LuNG (Expertment No. 62) 

PA refers to left pulmonary artery pressure; LA refers to left atrial pressure; Px refers to left airway 
pressure. Volume increments equal 95 ml. Each volume step was done in less than one-half second. 
There were 10 second intervals between each step. In this experiment, both pulmonary artery inflow tub- 
ings were constricted so that the changes in pulmonary vascular resistance did not alter flow significantly. 
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Fic. 2. Votume-PressurE Curves OF THE RIGHT 
OstTaIneD aT Various Bioop Flows THrRoucH 
Tuat Lune (Experiment No. 44) 


Blood flows through that lung were equivalent to total 
pulmonary blood flows of 75 (O), 46 (CJ), 141 (X), and 
61 (A) ml. per Kg. body weight per minute. The cor- 
responding pulmonary arterial pressures at the beginning 
of each run were 27, 22, 32, and 27 cm. H,O. Lower limb 
obtained during inflation, upper during deflation. All 
pressures are final values during the intervals between 
volume steps. 


termined by relating the resistive component of trans- 
pulmonary pressure fluctuations to simultaneous rates of 
air-flow (14). 


RESULTS 


Measurements during stepwise inflation and de- 
flation 

Figure 2 shows inflation and deflation curves of 
one lung with pulmonary blood flows equivalent 
to total lung flow rates * of 46 to 141 ml. per Kg. 
body weight per minute. Left atrial pressure was 
in the normal range. Similar results were ob- 
tained in eight dogs on nine occasions. In two of 
these dogs, the flow through one lung was varied 
between zero and values equivalent to a total lung 
flow of 250 and 450 ml. per Kg. body weight per 
minute, respectively. The pulmonary arterial 
pressures ranged from 12 to 60 cm. H,O. The 
volume-pressure curves did not differ significantly 
over these ranges of flow. 

Contrariwise, when left atrial pressure was ele- 
vated to 30 cm. H,O or more, there was a small 
but definite change in the volume-pressure loops 
(Figure 3). At large volumes, both during in- 
flation and deflation, the transpulmonary pressure 


6 Assuming a normal right/left flow ratio of 60/40. 


was slightly higher. In two of these experiments 
and in a third (not illustrated), there was, how- 
ever, no change when left atrial pressure was ele- 
vated to 15 to 25cm. H,O. All changes were im- 
mediately reversible unless pulmonary edema de- 
veloped. In one experiment, in which the left 
atrial pressure was repeatedly in excess of 40 cm. 
H,O for more than 15 seconds, the changes were 
not reversible; at the termination of the experi- 
ment, frothy fluid was found in the lung. 

In two experiments the following observation 
was made: With the lung passively collapsed at 
the conclusion of a run, a sudden lowering of left 
atrial pressure was accompanied by further empty- 
ing of the lung; e.g., a 225 ml. decrease in volume 
was recorded when the left atrial pressure was 
lowered from 55 to 15 cm. H,O. The change in 
lung volume was proportional to the change in 
left atrial pressure. No corresponding increases 
in lung volume were found when the left atrial 
pressure was suddenly raised to high levels. 


Measurements during continuous volume cycling 


In these experiments, the normal tidal range and 
frequency of breathing were simulated. The end- 
expiratory airway pressure was maintained at ap- 
proximately 5cm. H,O. The frequency of cycling 
was 16 per minute. Tidal volumes ranged from 
130 to 300 ml. 

No change in pulmonary compliance was ob- 
served when pulmonary blood flow was varied 
from 40 to 190 ml. per Kg. body weight per min- 
ute. This was studied in four animals. In one ex- 
periment, the right lung was excluded by means of 
a clamp in order to obtain very high flow rates in 
the left lung; the compliance of the left lung was 
not significantly changed with blood flow rates 
equivalent to total lung flow rates of 150 and 370 
ml. per Kg. body weight per minute and pulmonary 
arterial pressures of 20 to 75 cm. H,O. 

The relation between left atrial pressure and 
pulmonary compliance was studied in three ani- 
mals, and the results are shown in Figure 4. Pul- 
monary compliance decreased as left atrial pres- 
sure was increased. At left atrial pressures of 50 
cm. H,O the decrease in pulmonary compliance 
was 20 to 30 per cent. Pulmonary compliance re- 
turned to control levels simultaneously with reduc- 
tion of left atrial pressure. 
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Fic. 3. Votume-Pressure Curves of One Lunc or Four ANIMALS AT Various LEFT 
ATRIAL PRESSURES 


Control curves (interrupted lines) were obtained before and after the curves at high 
atrial pressure (solid line). 


In two experiments, the cycling rate of the pressure were immediately reversible. In two 
respirator was increased from 16 to 120 c.p.m. experiments, pulmonary edema was intentionally 
Pulmonary compliance values were closely similar produced by repeated short-term elevations of left 
at the two frequencies (less than 10 per cent dif- atrial pressure. Pulmonary compliance decreased 
ference), both at low and high left atrial pressures. progressively from more than 0.035 to less than 

As has been pointed out, compliance changes 0.005 L. per cm. H,O and remained low despite 
occurring with transient elevation of left atrial reduction of left atrial pressure to control levels. 
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Fic. 4. Retation Between Lert Atriat Pressure AND Lunc CoMPLIANCE IN THREE Docs 


Values denoted by crosses were obtained first; then the left atrial pressures were varied repeatedly over 
the range of left atrial pressures. 
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Fic. 5. Putmonary Fiow-ResistaNce AT Various Lert ATRIAL PRESSURES IN THREE Docs 
The values denoted by dots and circles were obtained in two consecutive runs less than one hour apart. 


The presence of edema was confirmed by the ap- 
pearance of froth in the airway. 

Pulmonary flow-resistance (air-flow resistance 
and tissue viscance) did not change over the range 
of pulmonary arterial pressures and blood flows 
studied. With rises in left atrial pressure, pul- 
monary flow-resistance was unchanged or showed 


a slight increase (Figure 5). 


DISCUSSION 


In 1887, von Basch produced acute pulmonary 
vascular engorgement in living dogs and observed 
changes in the mechanical behavior of the lungs. 
In open-chest preparations, ventilation was pro- 
duced by means of a pump with a fixed pressure 
amplitude. With congestion the tidal volume de- 
creased, but at the same time the end-expiratory 
lung volume increased. Von Basch regarded the 
reduction in tidal excursion as evidence of in- 
creased lung stiffness (1.e., reduced compliance), 
and the increased end-expiratory volume as evi- 
dence of erectile behavior of lung capillaries. 

More recent animal studies have in general con- 
firmed von Basch’s work, although the phenome- 
non of Lungenschwellung or “lung swelling” has 
not been further investigated. Drinker, Peabody, 
and Blumgart showed that occlusion of pulmonary 
veins of cats was associated with a reduction in 
pulmonary ventilation, and that these changes were 
immediately reversible (8). It is not possible, 
however, to conclude from their data whether these 
changes related to altered elastic behavior of the 


luags or to changes in flow-resistance. Mack, 
Grossman, and Katz found decreases in lung dis- 
tensibility following acute vascular engorgement in 
excised dog lungs and in lungs of living dogs (9). 
A limitation was that measurements were made 
over extremely limited ranges of lung volume in- 
crease (25 ml. in excised lungs, 60 ml. in vivo), 
and were initiated from the passively collapsed 
state. Heyer, Holman, and Shires found marked 
reduction in lung distensibility following rapid in- 
fusion of saline solution (10). The lungs of these 
animals were found post mortem to be hemorrhagic 
and heavy, and it is not possible to dissociate from 
their results the possible contribution of pulmonary 
edema. None of the above studies included meas- 
urements of vascular pressures or rates of blood 
flow through the lungs. 

The present study was stimulated by earlier find- 
ings in this laboratory that there was a moderate 
reduction in pulmonary compliance when left atrial 
pressure was raised to 70 cm. H,O by clamping 
the aorta in the open-chest dog (15). No meas- 
urements of pulmonary blood flow were made. 
Later, Frank, Radford, and Whittenberger meas- 
ured the effect of pulmonary vascular engorgement 
on the static pressure-volume curves of excised cat 
lungs (11). The lungs were filled with either 
fluid or air, starting from the air-free state. In the 
comparatively limited range of vascular pressures 
studied (0 to 16 cm. H,O), only minimal changes 
in the pressure-volume behavior were found. 

In the present study, it was possible to examine 
separately in the living animal the mechanical ef- 
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fects of changes in pulmonary blood flow and pul- 
monary arterial pressure from those of left atrial 
pressure variacions. Furthermore, the lungs were 
studied over a wide range of volume changes 
as well as under conditions simulating normal 
breathing. 

Large variations of pulmonary blood flow did 
not influence the mechanical behavior of the lungs. 
Elevation of left atrial pressure, on the other hand, 
was accompanied by definite but small changes. 
The compliance, obtained during continuous cy- 
cling, was reduced when the left atrial pressure 
was acutely elevated. This reduction was roughly 
proportional to the elevation of left atrial pressure, 
and compliance fell 20 to 30 per cent below con- 
trol values. Results in agreement with these were 
later found in experiments in this laboratory on 
anesthetized closed-chest dogs (16). The volume- 
pressure curve in the static runs was also slightly 
changed, but only when the left atrial pressure was 
elevated to values above 25 cm. H,O. 

The fact that the compliance is influenced by the 
pulmonary venous pressure but not by the pul- 
monary arterial pressure suggests that the effect 
is due either to distension of the veins or capillaries 
or to increased filtration through the capillary 
walls. If the latter were the case, this would re- 
quire an extremely rapid fluid exchange, inasmuch 
as the compliance returned to control level within 
10 seconds after the left atrial pressure had been 
lowered from 50 to 6 cm. H,O. 

The degree of reduction of pulmonary compli- 
ance with pulmonary venous engorgement ob- 
served is of a considerably smaller magnitude than 
that reported by Bondurant, Hickam, and Isley in 
normal human subjects following acute central 
congestion, produced either by inflation of an anti- 
gravity suit or submersion in water (7). In the 
present studies, pulmonary compliance decreased 
not more than 30 per cent when left atrial pres- 
sures were increased to 60 cm. H,O. Bondurant 
and associates reported compliance reduction of 
more than 50 per cent under conditions when left 
atrial pressure presumably was not greater than 
45 cm. H,O. The discrepancy between these re- 
sults may represent a true difference between the 
behavior of dog and human lungs. On the other 
hand, the reliability of esophageal pressure as a 
measure of intrapleural pressure in circumstances 
of central vascular congestion is not known. 
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The changes in compliance observed in these 
experiments are of small magnitude compared to 
those observed in patients with chronic congestive 
failure or pulmonary hypertension (2-6). If our 
findings can be applied to human lungs, it is likely 
that the changes observed in such patients are 
largely caused by factors other than the pulmonary 
congestion per se, such as effusion, other chronic 
changes in the parenchyma and vessel walls, or in- 
creased heart size. 

The “asthma” attacks occurring in patients with 
hypertensive heart disease are supposedly accom- 
panied by increased air-flow resistance. In our 
experiments, however, the flow-resistance of the 
lung was not altered significantly by large changes 
in pulmonary flow or left atrial pressure. This 


may indicate that the increased air-flow resistance 
in these patients is not directly caused by the pul- 
monary congestion. 


SUMMARY 


Blood flow to one or both lungs and the left 
atrial pressure were varied independently. The 
mechanical properties of the lungs were studied. 
This was done during stepwise excursions of the 
lung between passive collapse and a large volume, 
and during rapid cycling in the normal tidal range 
of lung volume. 

Changes of pulmonary blood flow between 0 and 
450 ml. per Kg. body weight per minute, and pul- 
monary arterial pressures between 12 and 60 cm. 
H,O, with the left atrial pressure maintained al- 
most constant, did not significantly alter the me- 
chanical behavior of the lung. 

Elevation of left atrial pressure to between 30 
and 40 cm. H,O was accompanied by a small 
change of the volume-pressure curve of the lung. 
Compliance, observed during cycling in the tidal 
volume range, decreased only 20 to 30 per cent at 
left atrial pressures of 50 to 60 cm. H,O. These 
changes were reversible, except when pulmonary 
edema occurred. 

The relation of the observed data to clinical 
findings is discussed. 
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The polyelectrolyte nature of chondroitin sulfate 
and related polysaccharides suggests they may bind 
cations. Since chondroitin sulfate is an extracel- 
lular component of mammalian connective tissue, 
the binding properties of this polyelectrolyte for 
cations may be of significance in the distribution 
and storage of extracellular cations. In disease 
states in which sodium is known to play a major 
role its storage and distribution may be altered as 
a result of changes in extracellular polysaccharide 
metabolism. The purpose of the present study 
is to determine the binding properties of chon- 
droitin sulfate polyanions for the cations sodium, 
potassium, and calcium. The results indicate that 
sodium and potassium are bound to chondroitin 
sulfate to about the same extent, and that binding 
of calcium is somewhat greater. 

Chondroitin sulfate is a salt with a molecular 
weight of about 20,000 to 30,000 (1), which is 
often isolated with sodium or potassium as its 
cation. It is a polymer consisting of about 50 re- 
peating units of the kind represented in Figure 1 
(2). If sodium chondroitin sulfate were com- 
pletely ionized, the resulting polyanion could carry 
a total negative charge of 100 units per molecule. 
In the dry neutral salt this charge is balanced by 
100 equivalents of cation such as sodium or potas- 
sium. Such cations are called counterions. Dur- 
ing the past few years, study of several different 
types of synthetic polyelectrolyte salts has sug- 
gested that their ionization in solution is in effect 
not complete and that part of the total number of 
counterions may be bound to the polyion (3-9). 
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Service, and (in part) by the Life Insurance Medical Re- 
search Fund. Established Investigator, American Heart 
Association. 

2 Supported by research grant A-28 (C) from the Na- 
tional Institute of Arthritis and Metabolic Diseases, 
United States Public Health Service. 


EXPERIMENTAL 


Chondroitin sulfate, isolated from beef nasal cartilage, 
was prepared as the crystalline calcium salt by methods 
previously described (10). This calcium salt was con- 
verted to the sodium or potassium salt by the use of the 
sodium or potassium form of Dowex-50. Chondromuco- 
protein as the potassium salt and desulfated chondroitin 
sulfate as the methyl ester were prepared by methods 
described elsewhere (11, 12). For convenience these 
substances will be referred to as Na,ChS, K.ChS, or 
CaChS for the chondroitin sulfate salts, K,CMP for the 
chondromucoprotein salt, and MeCh for the methyl ester 
of desulfated chondroitin sulfate. Polyion concentrations 
are given as period weights per liter. In each case these 
weights are the weight of the dry substance that on 
hydrolysis yields one gram molecular weight of galac- 
tosamine. Analytical data are given where the prepara- 
tions are described (10-12). 

Chondroitin sulfate as its sodium, potassium, or cal- 
cium salt was dissolved in distilled water to a concentra- 
tion of 5 mg. per ml. Such solutions in amounts of 5 ml. 
were pipetted into cellophane bags which had previously 
been washed in distilled water. A few experiments were 
set up with the chondroitin sulfate at lower concentra- 
tions. Solutions of K,CMP were transferred by weight 
rather than by volume because of the high viscosity of 
the solutions in water in the absence of added salt. The 
cellophane bags were tightly double-knotted at each end 
and placed in glass vials. To each vial was added 10 
ml. of a solution of the corresponding sodium, potassium, 
or calcium chloride at a concentration in the range 1 to 
140 wEq. per ml. On any given day each concentration 
of chondroitin sulfate salt with each of the concentrations 
of its corresponding chloride were run in duplicate. The 
vials were tightly stoppered with screw caps and placed 
in a slow rocker or in a revolving wheel for gentle agi- 
tation at 4° C. for 24 hours; a few experiments were run 
for 48 to 96 hours. 

The volume of each solution was measured and the 
solution analyzed for the appropriate cation and chloride. 
Values of pH were always between six and seven, and 
no appreciable difference was found between the inside 
and outside solutions. Sodium and potassium were de- 
termined by an internal standard flame photometer. 
Calcium was determined by titration with ferrous am- 
monium sulfate after precipitation with oxalate and oxi- 
dation by ammonium tetranitratocerate (13). Chloride 
determinations were carried out by potentiometric titra- 
tion with silver nitrate (14). 
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SODIUM CHONDROITIN SULFATE 


Fie. 1. 


—50 


STRUCTURE OF THE REPEATING UNITS oF CHONDROITIN SULFATE 


AND METHYL CHONDROITIN 


TABLE I 
Values of sodium and chloride ion concentrations inside and 
outside the bag after equilibration for the 
indi. hours at 5° C.* 


Nati—Cli 


g gene 


£5 
MD AR BOSS 


nan wm 


* Initial conditions: Inside the bag, 25 mg. NasChS in 
fs .7 wperiods per ml.) ; outside the bag, 10 ml. 


RESULTS 


Table I gives a sample of the experimental re- 
sults for sodium chondroitin sulfate dialyzed 
against an initial sodium chloride concentration 
outside the bag of 0.06 M. The last column, the 
difference between the sodium and chloride ion 
concentrations inside the bag at equilibrium, av- 
erages 17.2 »Eq. per ml. and serves as a check 
since this should be twice the chondroitin sulfate 
concentration inside the bag, which is 8.7 pperiods 
Na,ChS per ml. Another check is the difference 
between the values of the sodium and chloride ion 
concentrations outside the bag, which should be 
zero. The greatest difference found (Line 5) 
amounts to 5 per cent of the values measured. 
Table I also shows that equilibrium is reached in 
24 hours and is stable up to 96 hours. 

Instead of presenting all of the measurements in 
detail as in Table I, the data are summarized in 
Tables II, III, and IV by averaging sets of ex- 
periments such as those of Table I. In Table II 
are the results of experiments with sodium chon- 
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" OH H NH — CO — CHs 
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GLUCURONATE SULPHATED — N— ACETYL — GALACTOSAMINE 
METHYL CHONDROITIN 
COOCHS CH,OH 
c—o c—o. 
H HO /1 
c Cc Cc c 
OH H H 
‘ 4 OH H NH — CO — CH, 
hours nEq./ml. pnEgq./ml. 
24 40.0 19.5 
40.1 19.5 
41.8 17.7 
41.3 16.4 
39.7 17.3 
39.7 16.6 
42.2 17.5 
41.5 17.1 
40.2 17.2 
48 41.2 18.0 
41.8 17.6 
40.4 16.2 
41.2 16.6 
72 40.7 18.1 
41.2 14.3 
96 40.6 15.6 
40.3 17.1 
0. aCl. 


0.95 (n =82) 


1.08 (n =44) 


Weighted average 
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binding of cation by the chondroitin sulfate anion 


TABLE Ill 


Mean values for ion concentrations inside and outside the bag at several concentrations of potassium chloride 


BANNAN 


Conc. at equilibrium, per mi. 


BINDING OF CATIONS BY CHONDROITIN SULFATE 
and of sodium chondroitin sulfate Eseriod weight 576) 
Conc. at equilibrium, »E¢. per ml. 
and potassium chondroitin sulfate (period weight 608) 


~ 00 HON 


Mean values for ion concentrations inside and outside the bag at several concentrations of sodium chloride 


Columns 4, 5, 6, and 7 give the experi- 
mentally determined values at equilibrium of the and that the Donnan equilibrium holds approxi- 


sodium and the chloride outside and inside the mately for concentrations instead of ion activities, 
bag. In all cases the product of the sodium and _ the data of Columns 4, 5, 6, and 7 can be used to 


E 
a 
N 
8 


2 
A 
3 


NaCl outside the bag at the start of each experi- 


ment. 


1 2 3 10 i ek 
Narchs start ments chs- Na‘t 
1.0 40 2 2.15 0.79 iy 
60 2 1.75 0.86 
80 2 2.3 0.61 

2.5 10 2 4.0£ 1.21 Rett 
20 2 0.98 

30 2 3.8 1.03 

40 2 4.75 1.01 
5.0 2 6.0 

5 6.65 1 

30 84 1, 

80 8.5 0. me 

1 2 4 5 6 7 8 9 10 11 
Co 
Cone. KC. Free Bound Bound 
KsChS 8 ped Kto Cl-o Kti cri Kti Kti Chs~ 
2.5 13.9 138 200 126 15.2 48 3.7 1.30 eee 

208 203 266 189 223 4.3 3.85 1.12 

4 276 «269 338 249 298 4.0 4.45 0.90 Bee 

5.0 52 108 038 43 65 5. 1.25 
14 14.2 0.75 54 88 6. 1.31 . ees 
36 16.0 205 89 7.1 6. 1.02 eet 
10 32 18.6 4.78 11.6 7.0 6. 1.01 tae 

20 1 7, 1.00 

30 3 32.0 182 246 74 6. 1.07 met 

40 2 39.6 25.0 31.2 84 7, 1.15 oo 

60 3 525 37.6 44.7 7.8 7, 1.05 es! 

80 4 66.8 Sli 585 8.3 7 1.06 re 

140 7 104.8 904 985 6.3 7 0.88 ae 
Weighted average 
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TABLE IV 


Mean values jor ion concentrations inside and outside the bag at 


several concentrations 
and one of calcium chondroitin sulfate (period weight 570) 


ions of calcium chloride 


4 5 6 


7 8 9 


Cone. at equilibrium, wEg. per ml. 


10.0 
13.4 


Weighted average 1.58 (n =33) 


calculate the amount of sodium bound. The first 
assumption can be represented by the equation: 


Nati free + ChS= = (Natibound-ChS~) (A) 


The second assumption permits calculation of Na*i 
free from the Donnan relation: 


Nato X Cl-o 


Nati free = 


(B) 
where Na‘i free is the concentration of unbound 
sodium in the inside solution, and Na*o, Clo, and 
Ci-i are the concentrations of sodium and chloride 
outside and chloride inside, respectively (Columns 
4,5,and 7). Finally, since the analytically deter- 
mined values of sodium in Column 6 represent the 
total sodium (bound plus free) inside the bag, 
the bound sodium may be calculated from the 
relation : 


Nati bound = Nati total — Natifree (C) 


Column 8 of Table II gives the values of Na*i free 
calculated by equation (B), and Column 9 gives 
values of Nati bound calculated by the use of 
equation (C) both in »Eq. per ml. 

In order to relate experiments done at various 
concentrations of chondroitin sulfate and at the 
same time to correct for the small changes in vol- 
ume inside the bag due to shifts of water, the bound 
sodium inside the bag has been calculated per pe- 
riod of chondroitin sulfate by dividing the values 
of Column 9 by the periods per ml. of chondroitin 
sulfate. This figure is obtained from the relation: 


ChS = 1/2 (Nati — Cli) 


Column 10 contains values of the concentration at 
equilibrium of chondroitin sulfate as pperiods per 


ml, and Column 11 the values of Na*i bound as 
pEgq. per pperiod of chondroitin sulfate. At sev- 
eral different concentrations of both chondroitin 
sulfate and sodium chloride these values appear to 
be constant and to average 0.95 equivalent of so- 
dium per period of chondroitin sulfate. This 
amounts to a 47 per cent neutralization of the 
charge the polyion would have if it were com- 
pletely ionized. 

Similarly, the data of Tables III and IV show 
that potassium and calcium ions are also bound. 
The binding of potassium seems to be slightly 
higher than that of sodium. Calcium binding, 
however, is higher, 1.6 »Eq. per period. This 
value for calcium represents 80 per cent neutrali- 
zation of the charge the chondroitin sulfate would 
have if it were completely ionized. 

There is evidence that chondroitin sulfate in 
cartilage exists as a component of a mucoprotein 
(11). For studies on the physiology of cartilage 
and probably of connective tissue, the binding of 
cations by the mucoprotein would be of more sig- 
nificance than the binding of cations by chon- 
droitin sulfate. In Table V are data obtained by 
equilibrium dialysis of potassium chloride against 
the potassium salt of chondromucoprotein. Potas- 
sium binding seems to be slightly lower than oc- 
curs with chondroitin sulfate. 

The analysis of the data presented is based on 
the assumption that the Donnan expression of the 
equilibrium is valid for the system studied if con- 
centrations are used in the equation (B). The 
equilibrium is more correctly expressed as a 
product of activities : 


Nato X Cl-o X yo? 


(D) 
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No. of 
Conc. Conc. experi- Free Bound Bound : 
: CaChS CaCl: ments Catto Cl-o Ca*ti Catti Catti Chs~ Catti 
mg./ml. nEq./ml. uber./ml. uEq./pnper. 
5.0 20 8 12.5 12.4 25.4 11.8 13.8 11.6 6.8 1.71 
40 7 23.4 23.8 37.0 22.8 25.8 7.1 1.62 
60 8 35.7 35.1 48.8 33.7 38.8 7.55 1.32 
80. 10 46.2 46.9 62.0 45.7 48.6 8.15 1.64 
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In this equation *Na’*i is the activity of sodium in 
the inside solution, yo is the activity coefficient of 
either the sodium or the chloride ion outside the 
bag, which is simply the value in sodium chloride 
solution (15). The activity coefficient of the chlo- 
ride ion inside the bag, yi, is assumed to be the 
same as in sodium chloride solution since there is 
probably no interaction between the chloride ion 
and the chondroitin sulfate. Evidence that poly- 
ions do not affect the activity coefficients of by-ions 
(small ions of the same kind of charge as that of 
the polyion) has been discussed by Kagawa and 
Katsuura (16). Since the concentrations of Cl 
inside and outside the bag are nearly equal, yi and 
yo will be practically equal and the equation (D) 
simplifies to (E) : 


Nato X Cl-o X yo 
Cli 


®Nati = 


This gives a simple means to calculate the activity 
of the sodium ion inside the bag. Assuming the 
concentrations of sodium ion inside the bag are 
given by the values in Column 6, Table II, it is 
now possible to calculate the activity coefficients of 


the sodium inside the bag, y Na‘i, in the presence 
of chondroitin sulfate from the relation: 


aNati 
total 


Such calculations have been made for both sodium 
and potassium ions and the results are plotted 
as Curve A in Figure 2.. This curve has an un- 
usual shape, showing a very sharply decreasing ac- 
tivity coefficient as the concentration of sodium or 


yNati = (F) 
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potassium decreases from 0.03 toward 0.01 M. 
The more familiar simple alkali metal salts over 
this range show a different curve, with a rising 
activity coefficient which approaches a value of one 
as the concentration approaches zero (17). Curve 
B of Figure 2 is such a curve. It is plotted 
through the circles which represent the activity 
coefficients of sodium or potassium ions in solu- 
tions of their chlorides at the concentrations repre- 
sented by the abscissae (15). 

It appears that there are two explanations for 
the results contained in Tables II, III, IV, and V. 
The first is that the activity coefficient of the cation 
inside the bag is depressed due to the presence of 
the polyion and leads to Curve A of Figure 2. 
The second is that some cations inside the bag are 
bound to the polyanion and lead to the calculated 
values of Columns 9 and 11 of Tables II to V. 
The first explanation is thermodynamically cor- 
rect but gives no reason why activity coefficients 
should be progressively more depressed at lower 
salt concentrations. The second explanation sug- 
gests a mechanism for the depression of the ac- 
tivity coefficients. In fact, if the activity coeffi- 
cients are calculated using the free sodium ion in- 
side the bag (Column 8, Table II) instead of the 
total sodium ion (Column 6, Table II), then the 
y Nai turns out to be close to that in simple NaCl 
solution as shown by using the following equation : 


@Nati 

©) 

This simply expresses the proposition that the 

significant sodium ion concentration inside the bag 

is not Na*i, the value of Column 6, Table II, which 


TABLE V 


Mean values for ion concentrations inside and outside the bag at several concentrations o 
and one of the potassium salt of chondromucoprotein (period weight 8 


\ 
1 2 3 4 5 6 7 10 11 
Cone. at equilibrium, per ml, 
sat, No. of 
KiCMP tart ments Ko Cho Ki chi Ki cMP- 
5 10 4 56 5.82 10.2 5.4 4.89 1.10 phere 
30 2 1 18.0 25.0 4.3 5.65 0.76 
40 10 4 244 305 5.5 5.8 0.95 Bi a 
50 2 1 29.6 37.9 6.2 7.25 0.86 ee 
60 4 2 37.2 44.2 4.7 5.85 0.80 
80 5 1 50.2 58.0 4.0 5.9 0.68 A 
Weighted average 0.90 (n =32) ee 
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TABLE VI 


Mean values for ion concentrations inside and outside the 
bag at several concentrations of potassium chloride 
and with methyl c roitin (5 mg. 
per ml.) inside the bag 


Conc. at equilibrium, 
per ml. 


Ch Kti Cri 


is the analyzed total concentration of Na* inside the 
bag, but this amount diminished by 7.5, the average 
number of »Eq. per ml. bound to the chondroitin 
sulfate (the average of the last eight values of 
Column 9, Table II). Plotting these values of 
yNai against (Na*i — 7.5), as well as the corre- 
sponding set from the data of Table III for potas- 
sium, gives the upper set of solid points of Figure 
2, which rather closely follow Curve B except at 
the dilute end of the curve where errors are great- 
est. The closeness with which the upper set of 
solid points fits Curve B over the whole range of 
concentration is a justification for the assumption 
that the amount of sodium or potassium ion bound 
is practically constant (7.5 »Eq. per ml.) over the 
range of these studies. 

As a general check on the method and ap- 
proach used to study the binding problem, an ex- 
periment was conducted with a derivative of chon- 
droitin sulfate containing no ionic groups, the 
methyl ester of desulfated chondroitin sulfate. In 
this compound the carboxylate group is methyl- 
ated and the ester sulfate group is replaced by a 
hydroxyl group (Figure 1). The results sum- 
marized in Table VI show that at equilibrium the 
potassium ion concentrations inside and outside 
the bag are equal, and the product of the potas- 
sium and chloride ion concentrations inside the bag 
is equal to the product of their concentrations in 
the outside solution. Not only is there no binding 
of cations by the methyl chondroitin but, since 
methyl chondroitin is a non-diffusible, non-charged 
particle, there is no Donnan effect either. 


DISCUSSION 


The data of this study are in general agreement 
with that of others who used different methods on 
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synthetic polyelectrolytes. Huizenga, Grieger, and 
Wall (3), using solutions of sodium polyacrylate 
in transference cells, found that the polyelectrolyte 
bound sodium ions in amounts up to 60 per cent 
of the total sodium ions present. Wall and Dore- 
mus (4) found the fraction of sodium bound de- 
creased with polymer concentration, that the ex- 
tent of binding was independent of temperature in 
the range of 0° to 42° C., and that potassium 
seemed to be bound to the same extent as sodium. 
Applying the same method to sodium polyphos- 
phate, they concluded counterions could be bound 
to the extent of 70 per cent (5). For the divalent 
cation, Wall and Eitel (6) found binding to par- 
tially neutralized polyacrylate occurred to the ex- 
tent of 70 per cent. Oth and Doty (7), from con- 
ductance measurements, estimated the effective 
charge of the polyion of sodium polymethacrylate 
solutions to be 60 per cent of the total charge that 
the polyion would have if ionization were com- 
plete. The shapes of conductance-concentration 
curves for a synthetic polycationic salt led Fuoss 
(8) to conclude that binding of a considerable frac- 
tion of the counterions occurred at higher polyion 
concentration. 

The above studies were not made on systems at 
equilibrium. Kagawa and Katsuura (9) did use 
an equilibrium system and measured silver ion ac- 
tivities in cells containing carboxymethylcellulose. 
They found silver ion activity coefficients “de- 
pressed to an extent never experienced in simple 
electrolyte solutions.” At constant carboxy- 
methylcellulose the silver ion activity coefficient 
decreased with decreasing concentration of silver 
in a concentration range where the reverse would 
have been expected. This is similar to the trend 
of Curve A, Figure 2. 

Little can be stated concerning the specific na- 
ture of the binding of sodium, potassium, or cal- 
cium to chondroitin sulfate except that it renders 
part of the cations osmotically inactive. Two 
kinds of binding of counterions by polyelectrolytes 
have been considered (18, 19). In the first, the 
polyelectrolyte molecule in solution is thought to 
exist as a microvolume in which the polyion is 
coiled. This microvolume has a high charge den- 
sity distinct from the adjacent solution from which 
the polyion is absent and it therefore attracts 
counterions. This microvolume is sometimes con- 
sidered as a separate phase distinct from the rest 


Cone, No.of 
KCl experi K*. XCl-e 
: uEq./ml. 
20 2 14.6 13.8 14.8 13.0 1.05 
40 2 28.0 26.3 28.2 25.9 1.01 
60 2 40.5 39.3 42.1 38.7 0.98 
80 2 $4.1 53.2 544 52.1 1.02 
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CONC. JMOL /mi. 
Fic. 2. Activiry Corrricients or Na* or K* Insme THE BAG IN THE 
PRESENCE OF CHONDROITIN SULFATE 
Curve A, values of points calculated from equation (F); A for Na*; 0 
for K*. Curve B, values of points calculated from equation (G) ; A for Na*; 
@ for K*. The points represented by circles (©) are taken from data for 
NaCl or KCI given in Harned and Owen (15). 


of the solution, and the counterions are not con- 
sidered to be held in any particular charged sites of 
the polyion. The second view regards the binding 
of counterions by polyions to be the result of the 
formation of specific ion pairs, so a particular 
counterion is fixed at a particular charged site of 
the polyion. Either kind of binding would pro- 
duce an apparent decrease in activity of the 
counterions. 

Ion pairs have been studied for simple ions in 
media of low dielectric constant such as alcohols 
(20). Some evidence that ion pair formation can 
occur between the charged sites of chondroitin sul- 
fate and certain polyvalent complex cobalt cations 
has been found based on an increase in the ultra- 
violet absorption of the hexamminecobaltic cation 
in the presence of chondroitin sulfate (21). In 
such a system added sodium or potassium chloride 
can decrease the binding of the complex cobalt 
cations to the chondroitin sulfate as shown by 
equilibrium dialysis. If this could be shown to 
be a competitive effect then it might follow shat 
sodium or potassium ions are also bound to 
chondroitin sulfate as ion pairs, 

The binding of counterions by a polyion in solu- 


tion is probably different from the ion association 
that occurs with insoluble ion-exchange resins. 
An ion-exchange resin is an insoluble polyelec- 
trolyte which must associate an equivalent amount 
of counterions to maintain electrical neutrality. 
The state of ionization of the counterions in the 
insoluble phase of an ion-exchange resin has un- 
til recently not been considered (22). The be- 
havior of cations in whole cartilage discussed by 
Boyd and Neuman (23) is of the ion-exchange 


The binding of counterions by the anionic poly- 
saccharides of connective tissue probably has 
physiological consequences. An interesting ex- 
ample is that studied by Joseph, Engel, and Catch- 
pole in their attempt to measure the effect of hor- 
mones on the activities of sodium, potassium, and 
calcium ions in living connective tissues (24). 

Increasing evidence has been presented to impli- 
cate connective tissue constituents as possibly stor- 
ing osmotically inactive sodium in certain disease 
states in man and in experimentally produced con- 
ditions in animals (24-29). Tissues chiefly clis- 
sified as connective tissue in type have been shown 
to participate in experimental conditions involv- 
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ing sodium metabolism. The data presented in 
this study indicate that a component of connective 
tissue, chondromucoprotein and its polyelectrolyte 
constituent chondroitin sulfate, can bind Nat, and 
this property may play a role in the situations 
described. 


SUMMARY 


Equilibrium dialysis of sodium, potassium, or 
calcium chondroitin sulfate against varied concen- 
trations of the corresponding sodium, potassium, 
or calcium chlorides has been studied. Assuming 
the validity of the Donnan relation, the results have 
been interpreted as due to a binding of part of the 
cation by the chondroitin sulfate polyanion and the 
amount of cation bound per period of chondroitin 
sulfate has been calculated. The results indicate 
that the amount of cation bound is constant over 
the concentration range studied, and is approxi- 
mately 0.9 equivalent per period of chondroitin 
sulfate for sodium or potassium, and 1.3 equiva- 
lents per period for calcium. The mucoprotein of 
cartilage also bound 0.9 equivalent of potassium 
per period. Bound cation in the present discus- 
sion means osmotically inactive cation. 
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Previous reports from South Africa have drawn 
attention to the heavy iron intake, and to the high 
frequency of hemosiderin deposition in the liver 
and other organs of the indigenous Bantu popula- 
tion (1,2). In addition, observations in different 
Bantu population groups have demonstrated ele- 
vated levels of serum iron and total iron binding 
capacity in Bantu adults of both sexes. Satura- 
tion is very rarely observed in contrast to findings 
in idiopathic hemochromatosis (3). In view of 
these observations it was considered worth while 
to determine how far serum iron levels reflected 
the extent of siderosis in a hospitalized population 
group in this area. Since it is our experience that 
the severity of hepatic siderosis correlates well 
with the degree of visceral siderosis elsewhere in 
the body, the present paper represents our findings 
in a small series of patients in whom both liver 
biopsies and serum iron determinations were car- 
ried out. 


MATERIALS AND METHODS 


The liver material for this study came from 26 hos- 
pitalized Bantu patients (aged 17 to 66 years) in whom 
liver biopsies were carried out as necessary adjuncts to 
diagnosis. Since it was difficult to obtain livers in which 
siderosis was negligible, one six year old child with mini- 
mal siderosis (plus-minus) was added. There were 26 
needle biopsies and one surgical biopsy in this series. 
In Table I, the diseases causing the admission of the pa- 
tient to hospital are listed. It has been previously shown 
that there is no association of siderosis to any specific 
disease (1). The biopsies were examined by routine 
histopathological methods, but an additional section was 
stained for hemosiderin by Perl’s reaction as described 
by Lillie (4). 

Serum iron levels were determined as previously de- 
scribed (3). Patients in whom a viral hepatitis was sus- 
pected clinically were excluded in view of the alterations 
in serum iron levels known to occur in this condition. In 
all, a total of 27 subjects (14 males and 13 females) were 
available for study, but as the data obtained gave sig- 
nificant results it was considered unnecessary to extend 
the series. 
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Since these liver biopsies had been obtained for diag- 
nostic purposes it was not possible to determine the de- 
gree of siderosis by chemical methods. The degree of 
hemosiderin deposition was therefore determined sub- 
jectively by one observer who was unaware of the serum 
iron levels. All biopsies were graded when first ex- 
amined and again at the end of the study after re-staining 
in order that grading should be as uniform as possible. 
Siderosis was graded from 0 to 3 plus, according to the 
degree of hemosiderin deposition in the liver cells (fL) 
and Kupffer cells ({K), separately, and also according to 
the total liver deposits (fT). The portal tracts were not 
considered separately as previous experience indicated 
that deposits here were variable, being dependent on the 
degree of portal fibrosis. 


RESULTS 


The results obtained are summarized in Tables 
I and II. It will be observed that there is a sig- 
nificant correlation between mean serum iron lev- 
els and the presence or absence of siderosis in the 
liver, especially as determined by the degree of 
deposition in the Kupffer cells (fK) or in the liver 
as a whole (fT). The serum iron levels in cases 
in which the deposits are described as 0 or plus- 
minus were definitely lower than those in cases 
with heavily siderotic livers. It was observed, 
however, that once significant iron deposits were 
present in the liver no correlation was apparent 
between the degree of siderosis and mean serum 
iron levels. For statistical purposes, therefore, the 
0 and plus-minus groups were grouped together as 
were also the 1 plus to 3 plus groups. 

In no liver in which hemosiderin was absent 
(0), of which there were five in the series, did the 
serum iron levels rise above normal (180 zg. per 
cent) (Table I). On the other hand, in 3 of the 
17 livers in which the iron deposits in the liver 
were graded 1 plus to 3 plus, the serum iron levels 
lay below 180 yg. per cent., .¢., Patients 11, 18 and 
19 (Table I). 

In only one case in the current series was anemia 
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TABLE I 


Serum iron levels, degree of hepatic siderosis, and primary disease causing admission of patient to hospital 


Subject 


Disease 


Serum 
ut. 


Degree of liver siderosis 


Sex 
F 
F 
M 
F 
M 
F 
M 
F 
F 
F 
M 
F 
F 
F 
M 
F 
M 
M 
F 
M 
M 
M 
M 
M 
M 
M 
F 


Hypochromic anemia 

Amoebiasis 

Splenic vein thrombosis 
ndiagn 

Tuberculosis of spine 


Malnutrition 

Hilar lymphadenopathy 
Chiari’s syndrome 
Pellagra and malnutrition 
Gonococcal arthritis 


Pellagra and malnutrition 


Cirrhosis 
Peilagra and malnutrition 
Pellagra and malnutrition 


Carcinoma of pancreas 
Pellagra and malnutrition 
Cirrhosis 

Tuberculous peritonitis 
Pellagra and malnutrition 
Diabetes mellitus 
Pellagra and cirrhosis 
Hypertension 

Pel and malnutrition 
Congestive cardiac failure 


+ 


+ 
+4 


++++ +H#H++ 


+ 


attttt+ 
++ 
+4444 


+4++4+ 


++++ HHHHH 3 


* The discrepancy which sometimes exists between fT, fL, and fK is due to the fact that fT a 


sideration the hemosiderin deposits in the portal triads. 


TABLE II 


Correlation of mean serum iron levels and degree of hepatic siderosis 


+ 
+ 
+ 
Iso 


8 
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Degree of sidercsis* 


Serum iron, ug./100 ml. 


A. In liver cells (fL) 
Oand + 
+ to +++ 


B. In Kupffer cells (fK) 
Oand + 
+ to +++ 


C. In total liver (fT) 
Oand + 
+ to +++ 


147.3 
278.1 


147.3 
278.1 


60-264 
123-490 


60-264 
123-490 


3.82 


*0 = No hemosiderin deposits present. -++ = Minimal hemosiderin deposits. + to +++ = Mild to severe 
hemosiderin deposits. 
+ Significance of difference between means calculated according to Hald (6). 
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34 64 
22 88 
28 136 
30 149 
| 21 176 
60 
125 
167 
244 . 
10 264 
il Hepatic carcinoma 160 
12 Obesity 201 
_ 13 Diabetes mellitus 274 
14 444 
17 324 
18 120 ++ 
19 123 | 
20 201 +++ 
21 250 +++ 
22 250 t+ 
23 250 ++ 
24 274 +++ 
25 385 +++ | 
26 434 bat | 
27 490 +++ | 
— 
Standard 
Number of deviation 
subjects Mean Range of mean 
20 258.8 60-490 25.9 
10 21.8 3.82 
10 21.8 | | 
| 
| 
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SERUM IRON LEVELS AND HEPATIC SIDEROSIS 


of the iron deficiency type present. In this sub- 
ject the serum iron level was 64 yg. initially at the 
time of the biopsy and hemosiderin was not demon- 
strated in the liver. When the degree of siderosis 
was doubtful (plus-minus), the serum iron levels 
were variable, 


CONCLUSIONS 


These findings indicate that high serum iron 
levels in hospital practice in this region are indica- 
tive of increased hemosiderin deposition in the 
liver of patients who are not suffering from dis- 
orders liable to cause elevation of the serum iron 
levels such as hepatitis, hemolytic anemia, and 
pernicious anemia in relapse. Occasionally, how- 
ever, normal serum iron levels may be observed 
in cases with well marked siderosis. In two of the 
three siderotic cases with normal serum iron levels 
in the present series, the patients were seriously 
ill with advanced neoplastic disease. In view of 
the findings by Finch and Finch (5) that serum 
iron levels may fall in patients with hemochroma- 
tosis who develop liver carcinoma or severe in- 
fection, the probability that the normal serum iron 
levels in these two patients may be due to con- 


comitant neoplasia must be considered. 

The data are insufficient to permit any conclu- 
sions regarding the probability of a low serum 
iron level being found in a siderotic liver. 


SUMMARY 


Serum iron levels and the severity of siderosis 
as determined by liver biopsy were correlated in a 
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series of 26 South African Bantu adults and one 
child derived from a population known to be 
habituated to an excessively high iron intake. 
The correlation between mean serum iron levels 
and the degree of siderosis was highly significant 
if the patients were divided into groups with and 
without significant hepatic deposits. There was, 
however, no correlation between the serum iron 
levels and the severity of siderosis once significant 
iron deposition was present in the liver. 
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The first evidence that adrenocortical hyper- 
plasia involves a fault in steroid metabolism was 
provided by Butler and Marrian (1-3) with the 
isolation of large amounts of pregnane-3a,17a,20a- 
triol from three cases of adrenocortical hyper- 
plasia. This compound was later isolated by Ma- 
son and Kepler (4) from three patients with 
hyperplasia and also from a patient with an adre- 
nocortical tumor, and by Miller and Dorfman (5) 
from a further case of adrenal hyperplasia. More 
recently Cox and Marrian (6) isolated it in small 
quantities from the urine of normal men. The 
closely related compound pregnane-3a,17a,20a- 
triol-11-one was isolated from the urine of two pa- 
tients with adrenocortical hyperplasia by Finkel- 
stein, v. Euw, and Reichstein (7) and more re- 
cently by Fukushima, Meyer, Ashworth, and 
Gallagher (8). The demonstration of the effec- 
tiveness of cortisone administration in the relief of 
symptoms of adrenocortical hyperplasia by Wil- 
kins, Lewis, Klein, and Rosemberg (9) stimulated 
research into steroid metabolism in this condition. 

A method for the quantitative estimation of 
pregnane-3a,17a,20e-triol and other 17,20-dihy- 
droxy-20 methyl steroids (“acetaldehydogenic 
steroids”) was developed by Cox (10). The acid 
and enzymic hydrolysis of conjugates of these ster- 
oids and their chromatographic separation were 
investigated by Cox and Marrian (11, 6). 
Bongiovanni, Clayton, and Eberlein (12, 13), us- 
ing a reaction based on chromogen production with 
sulfuric acid, have estimated the excretion of a 
pregnanetriol-like fraction in adrenocortical hyper- 
plasia, and Zondek and Finkelstein (14, 15) have 
used fluorometric estimation of a pregnanetriolone- 


1 This work was supported by a grant and a Senior Re- 
search Fellowship (R. I. Cox) from the New South 
Wales State Cancer Council. 

2On leave from the Hebrew University. Present ad- 
dress: Hormone Research Laboratory, Hebrew Uni- 
versity, Hadassah Medical School, Jerusalem, Israel. 


like fraction to distinguish congenital adrenocorti- 
cal hyperplasia from true hermaphroditism and 
male pseudo-hermaphroditism. None of these 
methods is specific for any single compound. 

More recently Finkelstein and Goldberg (16, 
17) developed an analytical method including pa- 
per chromatographic separation for the estimation 
of pregnane-3a,17a,20e-triol-ll-one in human 
urine. They reported the presence of this com- 
pound in the urines of patients with adrenocortical 
hyperplasia, but not in detectable amounts in the 
urine of normal people or of patients with adrenal 
tumors. Because of this finding the latter work- 
ers suggested that the presence of pregnanetriolone 
is characteristic of adrenal hyperplasia and that its 
detection may be useful in the diagnosis of this 
condition. By contrast, since pregnanetriol ap- 
pears to be excreted in greater than normal 
amounts by patients with tumors of adrenal origin 
as well as by patients with adrenal hyperplasia, its 
excretion at abnormally high levels cannot be con- 
sidered characteristic of adrenal hyperplasia. 
However, the estimation of pregnanetriolone and 
pregnanetriol simultaneously is of obvious value in 
the diagnosis and differentiatior of adrenal hyper- 
plasia and adrenal tumors. 

A procedure for the simultaneous estimation of 
pregnanetriol and pregnanetriolone was briefly 
described by Finkelstein and Cox (18). The 
present paper describes in detail a method for the 
identification and estimation of both pregnane- 
3a,17a,20e-triol and pregnane-3a,17a,20e-triol-11- 
one suitable for routine clinical use. The results 
of applying the method to clinical cases are re- 
ported and discussed. 


METHODS 


Reagents. Benzene (thiophene free), chloroform 
(B.P.), and ethylene dichloride were fractionally distilled 
before use. Ethanol (absolute) and methanol were re- 
fluxed 8 hours with 1 per cent by weight of sodium hy- 
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droxide, and distilled twice. Formamide, laboratory 
grade (British Drug Houses Ltd.), was used without 
purification. Acetic acid, sodium acetate, sodium bicarbo- 
nate, sodium hydroxide, anhydrous sodium sulfate, and 
phosphoric acid were of analytical reagent grade. The 
B-glucuronidase used was derived from the mollusc Cel- 
lana tramoserica, a limpet common on sea shores near 
Sydney (19). Other preparations of f-glucuronidase 
would be expected to be satisfactory. Pregnane-3a,17a, 
20a-triol, m.p. 245 to 247° C.8 and pregnane-3a,17a,20a- 
triol-1l-one, double m.p. 189° C. and 210° C., were used 
as reference compounds. 

Urine collection. A 24 hour collection of urine over 
2 ml. of chloroform is made. The volume is measured. 

Hydrolysis procedure. A 100 mi. portion of urine is 
withdrawn and the pH adjusted to 4.6 with glacial acetic 
acid. Two ml. of 2M acetate buffer of pH 4.6 are added 
and, after mixing, the sample is divided into two equal 
portions (A and B). These samples are placed in a 
37° C. water bath and allowed to warm for half an 
hour. To each is added 5 ml. of chloroform and 1 ml. of 
the £-glucuronidase preparation containing 2,500 units of 
enzyme. The samples are allowed to stand at 37° C. for 
24 hours. These conditions do not necessarily achieve 
maximum hydrolysis of the steroid conjugates, but have 
been found satisfactory for clinical use with this method. 
Other enzyme preparations may require use of different 
conditions for hydrolysis. 

Extraction procedure. Each of the duplicate samples is 
extracted twice with 100 ml. of chloroform. The chlo- 


8 We are indebted to Professor G. F. Marrian for the 
gift of a sample of this steroid. 


Fic. 1. CHromatocRAPHy oF Urine Extracts 
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roform extracts are washed with 20 ml. N sodium hy- 
droxide and the alkali is drained off as thoroughly as 
possible. The emulsion at the interface is discarded. 
The chloroform is washed with 10 ml. of 8 per cent so- 
dium bicarbonate solution, draining off the alkali thor- 
oughly. The chloroform extract is run into a clean fun- 
nel and washed with 10 ml. of water twice. The washed 
chloroform is run into a dry flask containing 2 Gm. an- 
hydrous sodium sulfate and the flask is shaken and al- 
lowed to stand for ten minutes. The chloroform is fil- 
tered through filter-paper into a 1-liter round bottom flask 
for evaporation. The evaporation is carried out under 
reduced pressure on a water bath, making sure that the 
flask is removed from the bath as soon as the last drop 
of chloroform has evaporated. The residue is dissolved 
with slight warming in 3 ml. of ethanol and the ethanol 
extract transferred with a pipette to a graduated centri- 
fuge tube. The flask is rinsed again twice with 1 ml. por- 
tions of ethanol. The volume is made up to 5 ml. and 
stirred to mix the solutions. The portions shown in 
Figure 1 are withdrawn from the ethanol extract and 
evaporated to dryness in test tubes (about 1 cm. in diam- 
eter) under a gentle stream of nitrogen while heating 
on a water bath at about 80° C. The test tubes are 
withdrawn from the water bath as soon as the extracts 
are dry. These samples are now ready for chromatog- 
raphy. 


Paper Chromatography 


Apparatus 


Whatman No. 1 paper “for chromatography” is used 
without any purification. Chromatograms are con- 
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veniently run horizontally (20) in shallow glass trays, 
the top edge of the tray being ground flat. A piece of 
three-eighths inch plate glass is placed on top of the 
tray to form a closed tank. A glass rack 1 to 2.5 cm. 
high supports the paper chromatogram inside the tray 
(Figure 2).4 A suitable sized tray is 50 cm. by 30 cm. by 
5 cm., although smaller trays down to about 30 cm. by 
20 cm. by 3 cm. are satisfactory. The solvent systems 
used are those, or similar to those, developed by Zaffaroni 
and Burton (21), so other chromatography apparatus 
suitable for the Zaffaroni-type chromatograms may be 
used. An incubator regulated at 37° C. is convenient for 
the horizontal chromatograms and can accommodate many 
trays of the above type. The chromatograms are also 
effective at lower temperatures such as 25° C.; the higher 
temperature was chosen for convenience in working in 
Sydney. 


Procedure 


(a) First chromatogram 

For each urine sample a chromatogram strip is cut 
with six tongues 1.5 cm. wide, 35 cm. long, and separated 
by 0.5 cm. from one another. A headband of 5 cm. is used 
(see Figure 1). The paper is marked in pencil on the 


headband with the reference number and letter as shown 
in Figure 1. 

For the first chromatogram the benzene-formamide 
system is used. Equal volumes (500 ml.) of benzene and 


formamide are equilibrated at 37° C., and the layers are 
separated in a funnel at 37° C.; these equilibrated sol- 


* We are indebted to Dr. S. E. Wright for suggesting 
the use of this modification of the horizontal chro- 
matographic tark. 
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vents may be stored at room temperature until required 
for use. The stock bottles are shaken before withdraw- 
ing samples of the solvents. The chromatogram trays 
are warmed for at least one hour in the 37° C. incubator 
used for chromatography before starting a run. The 
ground glass edge of the tray is moistened with forma- 
mide to provide a seal and 100 ml. of equilibrated ben- 
zene is run into the tray at the start of the warming 
period. 

To impregnate the paper with formamide, 10 ml. of 
formamide (equilibrated with benzene at 37° C.) is 
freshly mixed with one volume of methanol. The paper 
is dipped through the mixture quickly and the excess 
liquid blotted off thoroughly between filter paper. 

The paper is placed on a glass rack with a nitrogen 
distributor about 3 cm. from the paper surface. An elec- 
tric lamp to provide gentle warmth and speed up evapora- 
tion of the solvent applied with the extracts is placed close 
to the paper. The extracts in the test tubes are dis- 
solved by adding 0.05 ml. of methanol to each and warm- 
ing slightly. Each extract is transferred to a strip on 
the chromatogram with a pipette and the paper is spotted 
along as narrow a line as possible. To the residue in 
the test tube is added 0.01 ml. of methanol and this wash 
is transferred to the paper. The wash is repeated with 
0.01 ml. of methanol. To the strip with extract G is 
added 10 xg. of triol and 3 ug .of triolone in methanol, and 
to the sixth strip S is added these amounts of pure sub- 
stances alone. When the methanol has dried off, the 
chromatogram is placed on the glass rack in the pre- 
warmed tank at 37° C. and the run is started by dipping 
the end of the paper in the solvent. The chromatogram 
is allowed to run for 2 to 3 hours when the solvent front 
should have travelled about 30 cm. 

At the end of the run the chromatogram is removed 


Fic. 2. Apparatus For HorizonTaAL CHROMATOGRAPHY 
Glass tray and rack; paper chromatogram in position on rack. 
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Fic. 3. APPEARANCE OF PAPER CHROMATOGRAMS IN ULTRA Viotet LicHT AFTER 


from the tank and suspended from stainless steel clips in 
an air oven at 90° C. for half an hour, or until dry. An 
air draft should be provided to remove the outiet gases 
from the laboratory atmosphere. 

Detection of pregnanetriol and pregnanetriolone. The 
position of the solvent fronts is readily seen from a bluish- 
white band under the ultra-violet lamp (see below), and 
this position is marked in pencil on the strips before 
color development. Strips C, F, G, and S are cut out 
and dipped through a tray of 70 per cent phosphoric acid 
(70 ml. phosphoric acid mixed with 30 ml. water). The 
excess phosphoric acid is blotted off thoroughly twice 
between filter paper. It is of advantage to use a photo- 
graphic type squeegee to ensure thorough blotting. The 
strips are placed immediately on a pre-heated enaiie’ tray 
in an air oven initially at 85 to 87° C. for 10 plus or minus 
1 minute. The paper should show no charring after the 
heating. The tray is taken out and cooled quickly by 
playing a jet of tap water against the back of the tray 
for about half a minute, followed by cooling over another 
shallow tray containing ice-cold water for a further half 
minute. Without delay the paper is examined on the 
tray under an ultra-violet lamp rich in light of 365 to 366 
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mp, such as the Research Equipment Corporation RX-15 
or Phillips TY P57202F/70. 

The position of pregnanetriol is shown by a pink spot 
and pregnanetriolone by a blue-violet spot. In daylight 
the position of pregnanetriol is seen as a violet spot, 
whereas the spot corresponding to pregr:inetriolone is 
not visible. At levels of about 5 ug. and 2 wg. per sq. cm. 
pregnanetriol and pregnanetriolone are readily seen; as 
pure compounds they should be detectable down to 1.5 
ug. and 0.5 wg. per sq. cm., respectively. The position of 
the triol and triolone are noted on the strips and corre- 
sponding areas on the urine extract strips are examined. 
If spots corresponding to the steroids are visible in the 
extract strips, the positions are noted. The positions of 
added triol and triolone on strip G check whether there 
is any interference of the urine extract with the chro- 
matography or color development of the two steroids. 
Colors have been affected when the steroid levels are low 
and in the normal range. Such interference, if it occurs, 
is eliminated on chromatography in a second solvent sys- 
tem. The positions of spots are recorded as the limits of 
the leading and trailing edges (see Figure 3). The 
amounts of triol and triolone in the extract strips may be 
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estimated by comparison of spot size and intensity of the 
standards. With a standard of 10 mg. of pregnar-triol, 
less than 5 wg., 5 wg., 10 wg., 20 wg., and greater than 20 ug. 
are estimated levels; with 3 ug. of pregnanetriolone as a 
standard, less than 1% 1% ug., 3 ug. 6 ug., and 
greater than 6 ug. are estimated. Other substances be- 
sides these steroids may give rise to colors of this type, 
but normally are readily differentiated on the basis of Rr 
values by comparison with the positions of the standard 
substances. In some cases blue spots, distinctly different 
from the blue-violet given by pregnanetmolone, move 
close to the latter compound. In doubtful cases it is de- 
sirable to rechromatograph on a second solvent system. 

Amounts of compounds estimated. Amounts equivalent 
to the standard, to double and to half the standard, and 
amounts outside this range can readily be estimated. 
Thus, using the above chromatograms with the equiva- 
lent of 5 and 30 ml. of urine extract on a strip, the 
ranges of steroids estimated are approximately 0.2 to 4.0 
mg. per L. triol, and 0.05 to 1.2 mg. per L. triolone each 
in six steps. In addition, higher and lower levels than 
these are indicated. The range may be extended by 
running the second chromatogram using smaller portions 
of extracts for higher values of steroids, or running on 
0.5 cm. wide strips rather than 1.5 cm. wide strips for 
low values of .teroids. The 30 ml. (range 1) and 5 ml. 
(range 2) urine extract volumes have been chosen in 
such a way that normal people show pregnanetriol, and 
very occasionally a spot similar to pregnanetriolone, on 
range 1, but not on range 2; the abnormally high excre- 
tion shown by patients with adrenal hyperplasia result 
in these steroids being visible on range 2 as well as 
range 1. 


(b) Second chromatogram 


The strips D and E which have not been dipped in 
phosphoric acid are cut according to the positions of the 
steroids found in the strips C, F, G, and S. Normally the 
solvent fronts should have moved almost equal distances 
on each strip and a direct comparison of D and E with 
C, F, G, and S may be made. If the solvent fronts differ 
from one strip to another, the expected positions of the 
spots are calculated relative to the movement of the sol- 
vent front. An extra margin of 0.5 cm. is allowed at each 
edge of the spot. Each piece of paper is cut into small 
pieces about 1 to 2 mm. by 3 to 5 mm. The triol and 
triolone spots from any one strip are combined. The 
small pieces of paper are then extracted by soaking and 
warming in 2 ml. of methanol for a few minutes, decant- 
ing off the methanol into a graduated centrifuge tube, 
and repeating the extraction with 2 ml. of warm methanol 
twice more. The volume of the extracts is made up to 
6 ml. with methanol, and the solutions mixed with a 
stirring rod. Suitable portions of these extracts, as in- 
dicated from the results of the first chromatogram, are 
evaporated to dryness. The portions are chromato- 
graphed on a four-strip paper, the solvent system ethylene 
dichloride-formamide is used. The paper is impregnated 
with formamide-methanol 1:1 using formamide equili- 
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brated with ethylene dichloride. The solvent placed in 
the tank for this chromatogram is ethylene dichloride pre- 
equilibrated with formamide; otherwise, conditions and 
techniques are as described for the first chromatogram. 
The strips are treated with phosphoric acid after running 
the chromatogram. As an alternative to the ethylene 
dichloride-formamide system, the chloroform-formamide 
system may be used but in this case the chloroform 
should be freshly distilled as required. 

The distances moved by pregnanetriol and pregnanetrio- 
lone relative to the solvent fronts are 0.3, 0.08 (benzene- 
formamide) ; 0.7, 0.4 (ethylene dichloride-formamide) ; 
0.75, 0.5 (chloroforni-formamide), respectively. These 
values apply to the apparatus and conditions used above 
and may vary somewhat, but are given as a guide (see 
Figure 3). 


RESULTS 


Using the method described, the urinary levels 
of pregnanetriol and pregnanetriolone shown in 
Table 1 were found for 24 normal adults and 
children, 6 patients with adrenocortical hyper- 
plasia before treatment, 10 patients with adreno- 
cortical hyperplasia receiving cortisone, predniso- 
lone or similar therapy, and a patient with a tu- 
mor of adrenal origin. The observed values for 
pregnanetriol and pregnanetriolone on the first and 
second chromatograms are given. Between the 
normal groups and the patients with adrenocortical 
hyperplasia there is a clear difference. In the lat- 
ter, pregnanetriolone is excreted in relatively large 
amounts and there is an associated increase in the 
pregnanetriol levels. The absence of pregnanetrio- 
lone with tumors of adrenal! origin is suggested by 
the case reported here and by the two cases of 
women, one with a virilizing adrenal tumor and 
the other with an adrenal adenoma, noted by 
Finkelstein and Goldberg (17). Differentiation of 
patients with tumors of adrenal origin from adreno- 
cortical hyperplasia on the basis of the pregnane- 
triolone excretion seems possible. Confirmation of 
this supposition awaits study of further cases, but 
it does not appear unreasonable in view of the 
very definite excretion of pregnanetriolone by 
every one of twelve patients with adrenocortical 
hyperplasia (present paper, six cases), its excre- 
tion by six hyperplasia patients maintained on 
cortisone or similar therapy, and its absence in the 
three tumor cases. 

Cortisone treatment is known to decrease the 
pregnanetriol values (22) and pregnanetriolone 
values (15). In the above series of results such 
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TABLE I 


Excretion of pregnanetriol and pregnanetriolone by normal subjects and by patients with 
; adrenocortical hyperplasia or tumors 


Amount of steroid found (mg./24 hrs.) 
Pregnanetriolone 
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* Hospitalized patients towards end of convalescence. 

t Doubtful spot. 

} Faint spot, not pregnanetriolone (see text). 

§ Levels below 50 ug. per 24 hours. 

|| Spot partly obscured by other material or atypical color. 

§ Compare with 194 above, same subject. 
** Compare with 101 above, same subject. 
tt 17-ketosteroid levels estimated by Institute of Child Health, Sydney, were within normal range except for sample 

145; the latter patient showed very variable excretion which here was high at 29 mg. per 24 hours. 

tt “Adrenal adenoma” of ovary. 
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Ist 2nd 
Normal 162* 
males 181 
163* 
164* 
160* 
158 
157 
174 
175 
178 
Normal 188 
167* 
169* 
161* 
182 
180 
186 
184 
183 
179 
179 44 ae 
Adrenal 190 2 wks. 2: 
hyperplasia 194 7 wks. aes 
149 8 wks. 
101 6 
166 16.5 
2004 10 wks. 
152 1.5 
156 3 ee 
153 4 
6 
197 12 
| 145tt 14 
Tumor 23tt 9 
(6 mos. post- free 
operative) 
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a decrease in indicated in samples 101, 171, 194, 
and 200, being samples of urine from the same 
patients before and after cortisone treatment, re- 
spectively. It is noteworthy that in samples 152, 
156, and 153 from patients with adrenal hyper- 
plasia but on steroid therapy, the 17-ketosteroid 
excretion was within the normal range, whereas 
marked amounts of pregnanetriolone were still 
being excreted. 


Presence of other compounds besides pregnanetriol 
and pregnanetriolone 


In some of the chromatograms of the 41 urine ex- 
tracts reported in this paper, there appeared a num- 
ber of other spots of a variety of colors apart from 
the spots of pregnanetriol and pregnanetriolone. 
Most of the blue colors which have been observed 
were notably different from the blue-violet color 
given by pregnanetriolone in the color test. With 
high levels of pregnanetriol and pregnanetriolone, 
the presence of other spots did not interfere with 
the detection and estimation of these steroids on 
the first chromatogram. However, in extracts 
from some of the normal subjects, interference 
was found in the first chromatogram because of 
the relatively low levels or absence of the steroids. 
No interference was noted in the second chromato- 
gram even if it occurred on the first. 

It should be noted that the spots which are esti- 
mated as pregnanetriol and pregnanetriolone are 
assumed to be these compounds from the colors 
developed in the phosphoric acid reaction and from 
their Ry values. However, it is possible that 
closely related compounds may not be distin- 
guished, especially at low levels of pregnanetriol 
and pregnanetriolone. Thus, samples 162, 163, 
and 167 in the normal group showed faint spots 
corresponding to pregnanetriolone; however, the 
higher resolution of a 27 hour descending chro- 
matogram showed that these trace substances 
were not pregnanetriolone. With all the adreno- 
cortical hyperplasia patients, pregnanetriolone 
showed up very clearly; usually the spot was so 
intense as to require dilution of fractions for the 
second chromatogram. Two liters of urine from 
an adrenocortical hyperplasia patient, R. M., sam- 
ple 166, were processed by this method except for 
the use of a sheet of Whatman No. 3 MM paper 


for chromatography. From the area on the paper 
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corresponding to pregnanetriolone a substance was 
isolated directly after the second chromatogram. 
This substance was identified as pregnanetriolone 
from its infra-red absorption spectrum. The com- 
pounds recently isolated by Fukushima, Meyer, 
Ashworth, and Gallagher (8), allopregnane-3a, 
17a,20a-triol and pregnane-3a,118,17a,20a-tetrol,® 
are completely resolved from pregnanetriol and 
pregnanetriolone in the benzene-formamide system 
as used in the method described in this paper (23). 


DISCUSSION 


The method presented is simple and effective 
for the detection of pregnane-3a,17a,20-triol and 
pregnane-3a,17a,20a-triol-11-one in urine, and can 
be carried out routinely by a technician. No elabo- 
rate precautions are required and, in particular, 
purification of filter paper is not necessary. In 
tests of the urine of patients with adrenal hyper- 
plasia or adrenal tumors, a single chromatogram 
is usually sufficient to show the presence and indi- 
cate the levels of these steroids. In some cases 
where there is uncertainty, a second chromato- 
graphic separation is required. The minimum 
amounts detectable are about 100 pg. per 24 hours 
for pregnanetriol and 50 yg. per 24 hours for preg- 
nanetriolone. The lower levels of pregnanetriol 
associated with normal adults and especially with 
normal children sometimes may not be detectable. 
The tests may be made more sensitive, or larger 
amounts of urine may be extracted; however, the 
method as presented is designed primarily to de- 
tect abnormally high levels. 

The methods which have been in use for esti- 
mation of pregnanetriol (10, 12) and pregnane- 
triolone (15) are not specific for these steroids 
and demand their prior separation from related 
or interfering substances. Thus, estimation by 
means of acetaldehyde produced on periodate oxi- 
dation (10) is a general reaction for C21 steroids of 
the 17,20-dihydroxy-20-methyl series. Substances, 
in addition to pregnanetriol or pregnanetriolone, 
giving this reaction have been extracted from urine 
(6, 8). The method for pregnanetriol based on 
chromogens produced on reaction with concen- 
trated sulfuric acid (12) requires adequate puri- 
fication of extracts due to the poor specificity of 


5 Samples of these steroids were generously donated by 
Dr. T. F. Gallagher. 
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the reagent. Pregnanetriolone produces an in- 
tensely fluorescent compound on heating wita con- 
centrated phosphoric acid, but fluorogenic sub- 
stances other than this compound in neutral urine 
extracts are excreted by normal people and in in- 
creased amounts by patients with adrenal tumors 
and in late pregnancy (14, 17). 

Recently, De Courcy (24) elaborated a method 
for the estimation of pregnane-3a,17a,20-triols, 
and Finkelstein and Goldberg (16, 17) for preg- 
nane-3a,17a,20a-triol-l1l-one. Both methods uti- 
lize paper chromatography for the separation of 
the respective compounds, which are detected by 
means of fluorescence. It is worth mentioning, 
however, that in the method of De Courcy only 
pregnanetriol, but not pregnanetriolone, is visual- 
ized by the reagent employed. On the other hand, 
in the method of Finkelstein and Goldberg, preg- 
nanetriol is destroyed by the hot acid hydrolysis 
as used for the liberation of pregnanetriolone from 
its conjugate (25). 

Since pregnanetriol produces fluorescence and 
can be easily detected on paper with the 70 per 
cent phosphoric acid reagent used for estimation 
of pregnanetriolone, substitution of the hot acid 
treatment by enzymic hydrolysis, which liberates 
both compounds without destroying them, allows 
for their simultaneous estimation. Moreover, in 
enzymic hydrolysis, less chloroform extractable 
impurities are formed than in hot acid hydrolysis, 
thus making unnecessary the rigorous purification 
of the extracts described previously for the detec- 
tion of pregnanetriolone (17). The present 
method described primarily for clinical use, and 
obviating the use of precise optical apparatus such 
as spectrophotometer or fluorimeter, is semi- 
quantitative. Used in conjunction with estimation 
of acetaldehydogenic (10) or fluorogenic sub- 
stances (14), it can give precise quantitative meas- 
urements of individual compounds such as preg- 
nanetriol or pregnanetriolone and may be used to 
detect unknown steroids on the chromatograms. 
Results of such studies will be published elsewhere. 

The differentiation between adrenal hyperplasia 
and adrenal tumor is a problem of clinical im- 
portance. Jailer, Gold, and Wallace (26) sug- 
gested that the decrease in excretion of 17-keto- 
steroids on cortisone administration would indi- 
cate adrenal hyperplasia. However, in some cases 
of adrenal hyperplasia of the adreno-genital type 
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the 17-ketosteroids do not readily respond to cor- 
tisone therapy (27) (case No. 145, this paper). 
Moreover, in Cushing’s syndrome the differentia- 
tion between adrenal hyperplasia and adrenal tu- 
mor is hardly possible on the basis of 17-ketoster- 
oid suppression on cortisone administration [cf., 
Wilkins (28) and Thorn (29)]. Bongiovanni 
(22) associated high excretion of the pregnane- 
triol-like fraction with adrenal hyperplasia and ob- 
served that on cortisone administration this frac- 
tion decreased. In addition to the original isolation 
of pregnanetriol from the urine of patients with the 
adreno-genital syndrome by Butler and Marrian 
(1-3), it has also been isolated from the urine of 
patients with adrenal tumors (4), and from the 
urine of normal men (6). High levels of preg- 
nanetriol appear to be associated with adrenal tu- 
mors as well as with adrenal hyperplasia, and thus 
do not allow for differentiation between these two 
conditions. As to the decrease of pregnanetriol on 
cortisone treatment, it remains to be proved that 
such a decrease is more consistent than the corre- 
sponding decrease of the 17-ketosteroids. On the 
other hand, the consistent presence of pregnanetrio- 
lone in the urine of patients with adrenal hyper- 
plasia and its apparent absence in detectable 
amounts from the urine of three patients with 
adrenal tumor can make it a valuable differential 
diagnostic aid between these conditions. It has 
been reported that one patient with the hyperten- 
sive form of adrenal hyperplasia (13, 30) excreted 
no detectable amounts of expected 11-oxy steroids 
in the urine; although pregnanetriolone was not 
specifically searched for in this work, it is desirable 
that data be obtained on the excretion of this ster- 
oid by such patients. It is fully realized that a gen- 
eral conclusion on the absence of pregnanetriolone 
from urine of patients with adrenal tumors is not 
permissible on the basis of the results obtained on 
only three cases of tumors examined so far. How- 
ever, in view of the rarity of this disease and thus 
of a small chance that our laboratories (located in 
countries with relatively small populations) will 
be able to compile a large series of adrenal tumors 
within a reasonable time, it seems to us that by re- 
porting on the difference in steroid excretion by 
patients with adrenal hyperplasia and adrenal tu- 
mors, research on larger series may be stimulated. 

It was suggested in a previous paper (17) that 
pregnanetriolone is characteristic of adrenal hyper- 
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plasia. Only six cases of adrenal hyperplasia were 
investigated. The presence of pregnanetriolone 
in an additional six patients with adrenal hyper- 
plasia not receiving cortisone therapy and in six 
patients maintained on cortisone, reported in the 
present paper, greatly substantiates this supposi- 
tion. On the other hand, analysis of urine of 24 
“normal” people described here, cf 37 reported 
previously (17), and of an addition:1 25 “normal” 
persons (31) shows that pregnanetriolone is not 
detectable in “normal” persons’ urine, and if pres- 
ent, it must be in relatively small quantities (less 
than 50 pg. per 24 hours). High levels are as- 
sociated with adrenal hyperplasia (see Table I). 
Children with adrenal hyperplasia of the virilizing 
type show definite presence of pregnanetriolone, 
and milligram quantities are excreted by adults 
with the adreno-genital syndrome due to adrenal 
hyperplasia. 


SUMMARY 


A method for the detection and estimation of 
urinary pregnane-3a,17a,20a-triol and pregnane- 
3a,17a,20a-triol-11-one suitable for routine clinical 
use is described. 

The results of estimation of the excretion of 
these steroids by 41 people, including “normal” 
persons and patients with adrenocortical hyper- 
plasia or tumors of adrenal origin, are presented. 
Normally, precnanetriolone is not excreted in de- 
tectable amounts but this steroid appears in rela- 
tively large amounts in the urine of patients with 
adrenocortical hyperplasia; pregnanetrioione has 
not been found in the urine of three patients with 
tumors of adrenal origin. On the other hand, 
high pregnanetriol levels appear to be associated 
with both adrenocortical hyperplasia and with tu- 
mors of adrenal origin. 

The characteristic finding of pregnanetriolone 
in cases of adrenocortical hyperplasia should be a 
useful diagnostic aid. 
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and pee acidosis during 
ether, 1127 

and oxygen saturation, 273 

and phenobarbital concentra- 
tions, 1220 

and sickling phenomenon, 837 

and viscosity, 837, 839, 
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s 
“effets of glucagon and/or in- 
sulin, 
in malignant disease, 254-263 
thromboplastin formation, 495 
transaminase levels, in anemia, 
926-927* 
transfer from systemic to pulmo- 
nary circulation, 65-66 
transfusions 
for hemorrhagic fever, 


in hernolytic anemia, 1470-1485 
“non-specific” reactions, 877* 


oxygen 
capillary, 8 ant 
capillary, 
. 
Bile 
ae 
copper 
: 
B 
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Blood (cont'd) 


urea 


in c hemorrhagic 
100, 118, 1693, fon 
venous 2 
oxygen content and coronary 
flow, 1104 
pressure-volume responses, 1663- 
1671 


vessel 
flow pattern, 253 
support, and oscillation, 992 
viscosity, and S hemoglobin con- 
centration, 835-839 
volume 
in heart disease, 901* 
after hexamethonium, 861 
intrathoracic, during antigravity 
suit inflation, 62, 65 
ripheral, and venous tone, 65 
in splanchnic vasculature, 864 
and weight gain from simple 
overeating, 81 
Blood flow 
adaptation to pulmonary vascular 
engorgement, 5' 
adrenal, and aidosterone secretion, 


and ao! 
caval  fctula, 335-339 
coarctation, ‘1541 
arm, 245-253, 919-920 
in periodic paralysis, 734-736 
capillary, in infectious diseases, 
1688-1700 


and norepinephrine, 1694 
and cardiac output, 1144-1148 
cerebral, in children, 1130-1136 
circulation time, in congestive 
failure, 919-920* 
coronary, 844-846 
ree hypoxemia, 1101-1106 
and myocardial rubidium®* up- 
take, 47 
and nitroglycerin, 895* 
and deficient autonomic reflexes, 


and dermal responses to thermal 
injury, 42 
to —— and mineral loss, 


in giraffe, 919* 

in glomeruli, 120 

hyperemia of foot and smoking, 
937* 


and hypoxia, 270-277 
low pressure, and erythrocyte se- 
questration, 840 
and mechanical behavior of lungs 
and anesthesia, 1708-1714 
in elderly persons, 1680-1687 
pattern 1. blood vessels, 253 
Deriphera |, 106, 844-846 
and exercise, 1148 
resistance to postures, and atro- 
pine, 1657-1658 
in poliomyelitis 
and oscillating bed, 982-993 
to gravity, 987, 991- 
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Blood 


ulmo 670, 673, 844-846 
and acetylcholine, 671-673, 890* 


capillary, in 1 spiratory "cycle, 
1556-1571 


and epinephrine, 670, 673 
and exercise, 1141-1148 
and norepinephrine, 670, 673 
and serotonin, 671, 673 

and quinidine, 

renal 
in epidemic hemorrhagic fever, 

110-111 

hemodynamics, and norepineph- 


rine, 89-96 
after sodium loading, 303-308 
and serotonin, 673 
shunt, sey adjustment to 
hypoxia due to, 270-277 
splanchnic 
in coarctation of aorta, 1537- 
1543 


and 861, 863, 
velocity, through glomerulus, 96 


pressure. See Pressure, ar- 
terial 
chloride concentration in, 279- 
287, 343, 1379, 1381 


composition and serum sodium 
concentration and osmolar- 


ity, 
lean exchange, 
1377-1381 
metabolic rate of total and cere- 
bral, 1135-1136 
potassium, 1375-1381 
and sodium ratio, 436 
and water partitioning, 347 
size, diffusing capacity, 


water content, 290 


Bone 
calcium 
and magnesium in osteolytic dis- 
ease, 887* 


and phosphorus excretion, 978 
and sodium ratio, 345-347 
diseases, citric acid metabolism, 
909-91 


lesions and anemia, 841-842 
magnesium concentration in, 347- 
marrow 
depression in hypersplenism, 871* 
deoxyribonucleic acid synthesis 
by cells, 931* 
stimulation, 875* 
mineral loss 
and circulation, 976 
and oscillating bed, 991 
in poliomyelitis. See Poliomy- 
elitis 
and radioactive calcium and stron- 
tium, * 
resorption in hyperparathyroidism 
and in Paget’s disease, 893* 


Brain 


ammonium metabolism 
in liver disease, 362, 365-371 
and acetazolamide, 934-935* 
circulation, and metabolism in 
childhood, 
copper concentration, 
cirrhosis, 1212, 


extract, and prothrombin time, 489 
ghenoberbital se.sitivity, 1223 
serotonin levels after 5-hydroxy- 
tryptophan, 1595 
Breast, carcinoma 

glucose tolerance, 256-258 
and hypercalcemia, 740, 742 
metastatic 

spectrum, 716- 


and obstructive jaundice, 714 
skeletal muscle composition, 1242 
Breathing. See Respiration 
Bromomercuri, -benzene, -methane, 
and -propane, 658, 665 
Bronchiectasis, pulmonary diffusing 
and function tests in, 13-16 
Bronchopneumonia 
chloride content of gastrointesti- 
nal tract, 286 
in epidemic hemorrhagic fever, 
post mortem, 125-126 
water content of gastrointestinal 
tract, 293 
Bronchus, carcinoma, pulmonary 
diffusion and function tests, 


uffer 
base, and plasma carbon dioxide, 
1122-1123 
time course of change with res- 
depression, 


intracellular, 374 
of — acid, 376, 378, 


and gastrointestinal juices, 380 
and hydrochloric acid, 378 
sensitivity to, 877* 
in acidosis, 376 
Burn 
injuries, substances released from 
skin after, 
respiratory tract pulmonary func- 
tion, 13-16 
Bursitis, forearm circulation, 246 


€ 
Calcification, of traumatized muscle, 
825-831 


jum 
balance and aluminium carbonate 
571 


by sulfate, 1718 
protein, and hyperventilation, 


dietary, 945, 983, 985, 1023-1027 

and renal phosphate reabsorp- 
tion, 552-555 

and acid, 


and heparin-precipitable fraction 
in cation-depleted plasma, 
599-603 


in 567, 569- 


loss 
and magnesium, 887* 
and osteoporosis, 968-969, 973 
patterns, 967-968 

metabolism, 680-687 
and acetazolamide, 894-895* 
and strontium, 


oxalate, urinary excretion and 
renal stone formation, 882* 
and phosphate 
infusion, 552-555 
loading, 567-571 
metabolism, 573-580 
renal reabsorption, 551-555, 580 
plasma 
and cation depletion, 599-603 
and hypoparathyroidism, 550-571 
and solubility of heparinized 
fraction, 602 
in poliomyelitis 
balance, 968-970, 972, 985-987, 
990-993, 1023-1027 
and nerve injury, 991 
and early ambulation, 978 
and estradiol benzoate, 1002 
fecal excretion, 1023-1027 
and fel steroids, 997-1006, 
comparison of effects, 1015- 
1016 


and immobilization, 977-979 
and oscillating bed, 983-985, 
990-994 


and testosterone, 1000-1001 
serum, 968-970, 974 

in breast carcinoma, 740, 742 

hypercalcemia, 

and excretion, 578- 


and pH, 741-742, 745, 747 
and temperature, 743-747 
and sodium concentration, 434~V9 
in bone, 346, 348 
solubility, 972, 974 
in traumatized muscle, 825-831 
urinary, 967-970, , 983-993, 
_ 1023-1027 
in hypocalcemia, 437 
and therapy, 560, 


i 

and immobilization in poliomye)i- 
tis, 977, 979 wu 
and urinary oxalate excretion, 3°“ 

cer 
adrenal, and amphenone, 899* 
and amino acid toxicity. ico4 
and body respiratory ¢:/:tient. °34 
breast. See Breast, catinoma 
cell, nucleic acid ribose ‘synthesis, 
1408-1414 


of and glucose tolerercs, 
“wae serum lipids, 716- 


gastric, serum lipids, 716-717 
glucose metabolism, 254-263 
and age, 512 
lactic dehydrogenase in, 937~938* 
of liver, lipids and lipoproteins, 
14, 716-717 
of lung, heparin-precipitable serum 
fraction, 612 
metatastic 
and heparin-precipitable 
tions, 612 
and obstructive jaundice, 714 
and serum lipoproteins, 716-717 
sialic acid test, 452 
thyroid hormone-plasma protein 
complex, 1 


frac- 
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Capillary 
arteriole-venule anastomosis, 251 
blood 


flow during respiratory cycle, 
1571 


oxygenation, 8 
diffusing surface, 3 
endothelium, and platelet after 
transfusion , 881* 
in epidemic hemorrhage fever 
phases, 1695-1697 
in lung and cardiovascular dis- 
eases, 922* 
nail bed, 895-896* 
in epidemic hemorrhagic fever, 


inQ fever, 1688, 1698-1700 
injuries, 
in renal lesions, 106, 112, 128, 134- 
137, 144-145 
vascular bed, in infectious  ill- 
nesses, 1688-1700 
and 1689, 1694, 


Carbohydrate 
dietary intake 
lipid and lipoprotein changes, 
855-859 


and obesity, 81-88 
i liomyelitis, 945 
in globulin fractions in disease 
states, 56, 310-312 
iniestinal absorption and digestion, 
4§22-1534 


in macroglobulin fraction, 459, 466 
metaislicm 
dising familial periodic paraly- 
sis, 734-735 
ant intake, 732, 735 
in forearm, 728 
as measure of platelet preserva- 
tion, 878* 
in paroxysmal nocturnal hemo- 
globinuria, 
pestoses, 1383-1405 
in red sell, 625 
ssseloma serum and urine content, 


titty acies 3a andex, 884* 
on 

A 

chloride, 754 

excretion, $19, 521, 527 
arteriovenous nifference 

and age, 1133-1136 

in familial periodic paralysis, 734 
ang circulation, 1133- 


inhalation 
“tee disturbance, 518, 525, 
rena! filtration, reabsorption and 
excretion of bicarbonate, 523 
urinary findings, 518, 521, 525 
narcosis, and alkalinization, 928* 
pH, and calcium ultrafiltration, 
ae 745, 747 
plasma, 1122 
in acidosis, 374, 377, 379 
and quinidine, 
and potassium loss from muscle, 
728-729 


1759 


specific after glycine-1- 
1 
tension 
of arterial blood, 1 
and oxygen sat 271- 


in newborn, 1082, 1090 
Carbon monoxide 
diffusing capacity of lung for, 1-16 
and glutathione, 620- 


and hemin oxidation, 912* 
uptake in newborn, 1082-1092 
and diffusing capacity, 1082 
and oxygen uptake, 688-1089 
ventilation, 1084-1085 
Carbon tetrachloride, and tocoph- 
erol metabolism, 1627-1636 
Carcinoma. See Cancer 
Cardiac output 
in coarctation of aorta, 1541 
and brachial pressure, 1542 
ear oximeter for repeated meas- 
urement, 894* 
in epidemic hemorrhagic fever, 111 
and exercise, 6 
and resistance, 1144- 


and hexamethonium. 861 
and plasma exsansion by dextran, 
1234-1238 


in pregnancy with heart disease, 
880* 


and pulmonary 
blood flow during respiratory 
cycle, 1571 
pressure changes, 673 
and quinidine, 
responses to posture and atropine, 
1656-1662 
Cardiovascular system 
diffusion characteristics of pulmo- 
nary and capil- 
lary bed, 922* 
and equilibration of 
deuterium oxide, 784, 788-791 
potassium, 784, 787-788, 791 
sodium, 784-786, 788, 79} 
and isopropylnorepinephrine, 883* 
and isotope cation distribution in 
edema, 786-790 
Carditis, heparin-precipitable plasma 
fraction in, 10 
Carinamide, and thiosulfate clear- 
ance rate, 328-329, 333 
Catheterization 
cardiac and venous, in chest dis- 
orders, 16 
esophageal, for swallowing pat- 
terns, 930* 
Cation 
binding by chondroitin sulfate, 
1715-1722 


counterion defined, 1715 
osmotically inactive, 1721 
intracellular loss, 376, 379 
urinary excretion rates in — 
ag acidosis and al 


Cell separation theory, applications, 
872* 


: 
AS 
ap 
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Cells. See also Erythrocytes; Leu- 
kocytes 
in binding of 
mercury, 660-661, 664 
thyroxine, 25-36 
bone marrow, deoxyribonucleic 
synthesis, 931* 


dehydrogenase in 
and in vivo, 
nucleic acid ribose synthesis, 
1408-1414 
chloride and sodium concentration 
in, 343-350 
HeLa sstrain, incorporation of 
— substrates, 1409- 
hypersensitive, in mumps virus in- 


Leydig, chorionic gonadotropin 
stimulation, 909* 
motor nerve, destruction in polio- 


accumulation of alkali metals, 
— of preference, 1253, 


membrane, sugar transport, 916* 
concentration in, 


in renal lesions of epidemic hemor- 
rhagic fever, 160-161 
desquamated, 109, 144-145, 186, 


epithelial, 134-135, 142-143 
of ducts of Bellini, 112, 152- 


, 220-223 
hyperplastic atypical, 158 
hyaline droplets in, 108-110 
—_. nuclei of flattened, 


reticuloen othelial an € 
iron, 875-876* 
thiosulfate in, 322 
plasmin, in Laennec’s cir- 
rhosis, 1210, 1214 
1 aft 
muscle composition after ingestion, 
1251, 12. 
plasma concentration in hypoka- 
lemic alkalosis, 1250-1251 
Chenodeoxycholic acid 
binding by albumin, 539 
and dihydroxy bile acid, serum 
ratio, 534-535 


muscle function, in poliomyelitis, 
1027 


pulmonary diffusing capacity in 
disorders of. 1 1-16 ty 


Chitin sulfate, precipitation, 597- 
598, 601 


Chloride 
ammonium, electrolyte output 
be 759, 764-765 
i by chondroitin sulfate, 
719 
concentration 
arterial, 732, 736 
and cortisone, versus - 
corticosterone acetate, 1 
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279-287, 294- 
in hypokalemic alkalosis, 1250- 


in metabolic acidosis, 1126 
in muscle, 1242-1247 
in tendon, 343 
exchangeable, 284-287 
with potassium, 1375-1381 


519, 521, 528 

and ethanol, 1203, 1205 

in hyperventilation, 520, 528 

after renal artery clamping, 
1418-1419, 1423 

and sodium, 306 

urinary 

1007, 1013, 


extracellular, 279 
gastrointestinal, 279-287 
intraluminal, 294-295 
post mortem, 
loss, in respiratory acidosis, 910* 
mercuric, 
sodium 
partition, in extracellular vol- 
ume calculation, 340-350 
and renal function, 637 
i. in hypocalcemia, 435, 436 
ormerodrin, structure and diu- 
retic activity, 658-661 


58, 665 


ane, 
3-Chloromercuri-2-methoxy-pro- 
pylurea, 658-659, 661-662 
4-Chloro-prednisone, anabolic activ- 
ities, 919* 
mazine 
and adrenocortical response, 545 
to ACTH, 548 
insulin hypoglycemia, 543-548 
hemolytic properties, 227 
and satiety responses in mice, 
1639-1641 


Chlortetracycline, and urea break- 
down, 933* 
Cholangiolitis, and liver copper con- 
centration, 1214, 1215 
Cholangitis 
bile acid content of serum and 
urine, 531 
and obstructive jaundice, 714 
Cholanic acid, binding by plasma 
proteins, 538-542 
Cholic acid, wo ty plasma pro- 
teins, 5. 
pectrum, 716-717 
ipoprotein s , 71 
and obstructive jaundice, 714 
radiochromuim excretion, 1186 
Cholelithiasis, lipoprotein spectrum, 
715-717 
Cholesterol 
and blood coagulation, 915* 
diet, and stress in coronary dis- 
ease, 
esters, aaeieas of fatty acid 
components, 


in hepatic diseases, 531 
trilgdroay bile acid, 537 
intestinal excretion and plasma 
levels, 898* 
in kwashiorkor, 1582-1583, 1586 
metabolism 
and formic acid anal s of 
thyroxine or trii yro- 
nine, 885* 
in lymphoma, 916* 
nephrosis, 701-703, 1563-1564 
and obesity, 81-88 
in obstructive jaundice, 718-719 
role of, in fat transport, 81-88 
serum content 
and ben obstruction, 1631, 1632, 


636 
after fat ingestion, 850, 917* 
857, 929* 


cation 1715-1722 
methy! and sulfate structures, 1716 
recovery from plasma, 1329-1330 
ondromucoprotein, sodium bind- 
ing, 1719 
disease, and thrombo- 
plastin generation test, 490 
Chromatography 
adrenal steroids 
dysfunction, and pregnanetriol 
and pregnanetriolone excre- 
tion, 1726-1734 
of amino acid in plasma, 1672- 
1679 


of fatty acids of plasma, 237 
ion exchange, phenylalanine con- 
of globin, 1343- 


of mucopolysaccharides, 
1329-1330 


of urinary mucopolysaccharides 
rheumatoid arthritis, 
Chromium, radioactive 
in anemia of hemosiderosis, 
1150, 1157-1158 
in blood loss with regen in- 
fection, 1183-11 
Chylomicronemia, and 859 
Chym 


intestinal concentration, 1529 
Circulation. See Blood flow 
Cirrhosis 

and acetazolamide, 934-935* 

ascites after post-necrotic, 935* 

biliary 

electrophoretic serum patterns, 
925* 


lipoprotein spectrum, 715-717 
liver copper content, 1214 
pericholangiolitic, 714 
secondary to extrahepatic ob- 
struction, 714 
carbon tetrachloride-induced and 
tocopherol metabolism, 1634- 
1636 
forearm circulation in, 246 
hemogiobin As isoiation, 1621 
Laennec’s, 716-717 
and alcohol 
in decompensated, 878* 
and hepatic coma, 362 


excretion 
after carbon dioxide inhalation, 

Kupffer, iron deposition, 1723- | 

myelitis, 978 
we muscle 


ammonia concentration, 707, 
8838* 
with ascites, 18 
bile acid 
in plasma, 531- 


conjugation with glycine, 535 
body water, 7 
oa clearance from plasma, 
distribution of cobalt labelled 
vitamin Bis in, 18-24 
and glutamic acid, 707 
hexosamine and protein serum 
content in, 52-53 
seromucoid fractions, 55 
a-ketoglutarate of blood after 
ammonium chloride, 367 
manifestations, 


portal-pulmona: venous ana- 
stomoses, 1 1264 

potassium, exchangeable, 787 

protein content of seromucoid 


in, 54 
exchangeable, 785 
tocopherol excretion, 1635 
varices, esophageal, 1260 
vitamin Bis serum content in, 22 
zinc metabolism, 933* 
water diuresis, and antidiuretic 
mechanism, 936* 
xanthomatous, 531, 716-717 
blood storage, 431- 


Citric acid 
concentration in blood after gluta- 
mate, 708-709, 711 
and erythrocyte lysis, 1503-1506 
and hyperventilation, 870-871* 
metabolism 
and acetazolamide, 894-895* 
in ne and joint disease, 909- 


in placenta, 932* 
in poliomyelitis 

urinary excretion, 968-970 

and gonadal steroids, 997- 
1000, 1013-1015 
and oscillating bed, 987, 993 
Citrulline, 1673 
——— of blood. See Blood, 


gulation 
Colitis, ulcerative, and hypoalbumin- 
emia, 931* 


Collagen 

affinity for chloride, in extracellu- 
lar fluid space calculation, 
348-349 


tendon, water content, 343, 350 
thermal degradation of, 41 
Colon 
intraluminal chloride in, 283-284 
water content, 
Coma 
hepatic 
ood ammonia and keto-acid, 
361-371 
r concentration and thioctic 
acid, 1211-1214 
hemorrhage, 362, 364-365 
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and glutamic acid, 707 
alkalosis 924* 
sodium glutamate, 706-711 


and gl » 74-80 
17-hydroxycorticosteroid 
levels, 545 

intravenous amino acid mix- 


binding of ions by anionic poly- 
saccharides, 1721 
in, 343, 348- 


in renal lesions of epidemic hemor- 
fever, 150-151, 156- 


ceruloplasmin and ionic copper in 
Wilson’s disease, 1193-1200 
exchange, 927*, 1197-1200 
fractionation, in brain, 1213 
metabolism 
in Laennec’s cirrhosis of liver, 
1208-1215 
and renal function in Wilson’s 
disease, 1107-1113 
Coronary 
circulation 
and hypoxemia, 1101-1106 
and quinidine. 
and rubidium™ uptake, 476-483 
disease, serum cholesterol, diet and 
stress, 
Coronary sinus 
and hepatic vein differences in 
unesterified fatty acid, 811 
quinidine and blood fiow, 
osterone 
and circulating eosinophils, 1172 
and gastric output 
hydrochloric acid, 1173 
hydrogen ion concentration, 1174, 


1181 
pepsin, 1174, 1181 
viscosity, 1175, 1180 
volume, 1173 
and pepsinogen, 1176, 1181 
plasma binding, 881-882* 
Cortisol 
and albumin synthesis, 896* 
anabolic activities, 919* 
biological half-times after intra- 
venous administration, 67- 
73, 1303-1304 
biosynthesis, 932* 
and circulating eosinophils, 1172 
and cortisone 
conversion to, in vivo, 1304- 


1311 
in water diuresis and renal func- 
tion, 767-773 


disappearance rate, 67-73, 1308 
urinary excretion, 1307-1311 
excretion of radioactive metabo- 

lites, 1274 
and gastric 1173-1175, 
1180-1181 


and insulin antagonist serum, 1593 
metabolism, 67-73 
in Pregnancy, 1350-1361 
in shock, 9 
and pepsinogen, 1176, 1181 
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in Addison’s disease, 
7503, 1704, 1706 
corticosteroids in Addison’s dis- 
ease, 1705 


and me metabolism, 872- 


and triiodothyronine balance stud- 
1313-1317 


sbeorption, 1308, 1310 
in — cortical dysfunction, 


anti-anabolic activities, 919* 
biological half-times after intra- 
venous administration, 1303- 


1304 
and calcium metabolism in Paget’s 
disease of bone, 893-894* 
versus desoxycorticosterone acetate 
responses in enalecto- 
mized rats, 1296-1297 
in epidemic hemorrhagic fever, 
1694-1697 
excretion 
biliary, 1307 
time factor, after administration, 


1306 
urinary, 1307-1311 
and cortisol 
conversion to, 1304-1311 
ratio, in plasma, 1308-1310 
in water diuresis, and renal 
function, 767-773 
and hyperbilirubinemia, 1370-1373 
hypertension induced with, and 
depletion, 1295- 


emer and disposition, 1301- 


and myxedema, 891* 
and renal function, 767-769 
and sodium depletion after ad- 
renalectomy, 911-912* 
and water diuresis, 767-769 
Creatine 
——— in uremic plasma, 


formation rates and conversion to 
creatinine, 959-961 
in poliomyelitis 
and Fe steroids, 997-999, 


016 
and pout of disease, 946-949, 
951, 954 
storage and synthesis, 1011-1012 
and testosterone, 995-1012 
urinary, 946-949, 952, 1019-1023 
=, oscillating bed, 986, 987, 


3 
renal clearance and ethanol, 1203, 
1205 


clearan 
and et 769-778 
and cortisone, 768-769 
after diuretic mercury com- 
pounds, 662, 665 
after norephinephrine, 90-96 
ratio to urine osmolatities, 1420 
renal, 761 
urinary 
and exchangeable 
chloride, 1380-1381 
potassium, 1378, 1380-1381 


4 
inst 
ture, 1648, 1649 ve 
Compound F. See Cortisol c 
Connective tissue 
Copper 
may 


1762 


Creatinine (cont'd) 
in poliomyelitis, 946-949, 952, 
1019-1023 


= atrophy, 957, 962, 
bed, 983, 985- 


reference standard, 1377 
Creatinuria, in polio.iyelitis, 954, 
9 000-1 


adrenal we'ght-maintaining activ- 
ity in plasma, 1608-1613 
and amphenone, 899* 
Cyanmethemoglobin, 620, 626 
Ga: See also Vitamin 


in plasma absorption of vitamin 
Bi, 1554-1556 
Cystine, 1306 erythrocyte lysis, 1503- 


Cystitis, urinary protein in, 358 
Cytochrome C, ae iron deficiency, 
874-875* 


D 
DCA. See Desoxycorticosterone 


acetate 
1-Dehydro-17a-methyl-testoster- 
one, 919* 
919* 
1-Dehydro-testosterone, 919* 
Deoxyadenosine, and erythrocyte 
lysis, 1502-1506 
Deoxycholic acid, protein binding, 
538-542 


Deoxycytidine, 1503-1506 
Deoxyguanosine, 1503-1506 
Deoxyinosine, 1503-1506 
Deoxypyridoxine, and tryptophan 
metabolism, 1602, 1606 
Deoxyribonucleic acid synthesis by 
bone marrow cells, 931* 
Deoxyribose, 1503-1506 
Dermatomyositis, heparin-precipit- 
able plasma fraction in, 611 
Desoxycorticosterone acetate 
in Addison’s disease, 1705 
hypertension induced with and po- 
tassium depletion, 1295-1299 
and potassium metabolism, 872- 
873*, 1295-1299 
and sodium retention, 692 
17-Desoxyprednisolone, 919* 
Desoxyribonuclease, group A strep- 
tococcal, identification of 
new group, 934* 
Deuterium oxide 
equilibration, in hydropic subjects, 
784, 788-791 


and plasma exchange with gastro- 
intestinal water, 289-295 
Dextran 
allergic reactions and variation in 
manufacture specifications, 
1160-1169 
in — hemorrhagic fever, 


shock, 118 
plasma volume expansion hemo- 
dynamics, 1 238 
Diabetes insipidus 
and aldosterone activity, 386, 391 
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and hypernatremia or hyperosmo- 
larity, 885* 
and —— of body fluids, 


and Ringer’ s solution, 885* 
water diuresis and antidiuretic 
mechanism, 936* 
Diabetes mellitus 
and acidosis, i126, 1588-1592 
alloxan, and sugar transport, 916* 
bile acids, in serum and urine, 531 
compensated, and skeletal muscle 
composition, 1242 
electrophoretic pattern of spinal 
fluid and serum protein, 
897* 
forearm circulation in, 246 
glucagon-insulin infusion, 887-888* 
and glucose tolerance, 263 
and nonesterified fatty acids, 884* 
plasma insulin binding in, 395- 
397, 651, 653 
and vitamin By, 1553 
2,6-Diaminopurine, 1503-1506 
2,6-Diaminopurine riboside, 1562 
Diamox®. See Acetazolamide 
Dicoumarol®. See Bishydroxy- 
coumarin 
Diet 
and growth in rats, 435 
and iron accumulation, 315-324 
and obesity, 81-88 
potassium and sodium intake and 


rice and cortisone effects, 768 


and serum 
cholesterol, 81-88, 917-918* 
and stress, 897* 
tocopherol levels, 1635 
sodium, 385-391 
and cortisone, 768 
and ACTH, 1296-1299 
and cortisol, 769, 776 
in hypertension, 1467 
Diformyldeoxycholic acid, protein 
binding, 539 
Digitalis, cardio-dynamic responses 
to, in aortic-caval fistula, 
335-339 


Dihydrocortisol 

biological half-time, 1304 

urinary excretion, 1307 
Dihydrocortisone 

biological half-time, 1304 

and -— conversion to corti- 

so 

urinary excretion, 1307 
208-Dihydro-prednisolone, 919* 
bile acid, in hepatic 


sease 
and chenodeoxycholic acid serum 
content, 535 
and serum bilirubin concentration, 


and trihydroxy bile acid ratios in 
bile, 530, 532-534 
Dilatol®, vascular sensitivity t 
dividual differences, io" 


and copper, excretion, 
1211, 


hypoglycemic properties, 921* 
Diphenhydramine, in epidemic hem- 
orrhagic fever, 1694-1697 


Diphosphopyridine nucleotide 
dehydrogenase, in liver, 1581, 1584 
and —— glutathione, 623, 


succinate cytochrome C reductase 

from heart muscle, 921-922* 

Dipyrrylmethene, fecal, anabolic sig- 
_ nificance, 893* 


=. and acetazolamide, 

in epidemic ee fever, 99- 
00, 121-127, 130-131 

in heart ‘eile, cellular and extra- 
cellular alterations, 903* 

and heparin-precipitable fraction 
levels, 609, 613 

mannitol, and renal concentrating 
ability, 631, 635-637 

and morphine, 918-919* 

and on clearance, 1221- 


1 
poisoning, 1224-1225 
phosphate, and parathyroid ex- 
tract, 564 
and vasopressin, 629 
water 
chloride 
23 


14 
and cortisol, 769-778 
and cortisone, 768-769 
in diabetes insipidus and hepatic 
cirrhosis, 936* 
and ethanol, 1202-1206 
and reduced renal plasma flow, 
1416-1419 
after sodium loading, 308, 882* 
Diuretics, mercurial, structure and 
activity, 65 
and swallowing dynam- 
Dysph ics, 5 
agia 
swallowing mechanics, 589-595 
and esophago-gastric sphincter, 


during antigravity suit inflation, 65 
in aortic-caval fistula and Lanato- 
side C, 336 
in pulmonary hemosiderosis, 1154 


clearance, 1418-1419, 


ema 
and aldosterone excretion, 388, 390 
in epidemic hemorrhagic fever, 
renal lesions, 106-109 
cortical intertubular, 136-139, 
144-145, 150-151 
retroperitoneal, 102, 106, 128 
and equilibration 
of deuterium oxide, 784, 788-791 
potassium, 784, 787-788, 791 
sodium, 784-786, 788, 791 
none? and Lanatoside C, 336- 


of traumatized muscle, 829 
EDTA. See Ethylenediaminetetra- 
acetic acid 
Electrocardiography 
apex impulse, in mitral insuffi- 
ciency, 1036- 
cellular basis for changes and 
serum potassium, 897* 
in wes gallop sounds, 1035- 


1011-1012 
| 


in transmission of atrial impulse 
to ventricle, 

Electroencephalogra: 

with elevated 913* 

in viral myoclonus, 912* 

ee See also specific elec- 


balance 
in aldosteronism, 923* 
in epidemic hemorrhagic fever, 


exchange in acidosis, 374, 376, 379 
excretion 
and ammonium chloride load, 
759, 
in arterial hypertension, 1460- 
1468 


in hyperventilation, 520, 528 
gastrointestinal, 289-295 
beast gg 901*, 
amic esions and satiety 
responses in mice, 1638-1641 
meer synthetic poly-, 1715- 


metabolism in alkalosis, 522 
pancreatic secretion and acetazola- 
mide, 904—905* 
urinary excretion 
after ammonium chloride, 759, 
764-765 


after sodium loading, 305-308 
and in sprue, 


Electromyography 
in periodic paralysis, improvement 
with potassium, 731 
in viral myoclonus, 912* 
Electrophoresis 
diffusates from burned skin, 40-43 
globulin mobility, 459, 466 
of hemoglobin 
As separation, 1615-1624 
eet basis of differences, 753- 


after irradiation of iodinated al- 

bumin, 
alterations, 49 

insulinase activity and plasma pro- 
teins, 651-654 

insulin-binding identifica- 

in isolation of menopa gonado- 
trophin, 928-929* 

of macroglobulin, 459-460, 466 

and nephelometric methods, 1366 

of places, fetus and placenta, 399- 


plasma fractions 
mobility of lipoproteins, 849 
nephelometric analysis, 1364 
precipitable, 600 
in rheumatoid arthritis, 309-313 
of serum 
alkaline phosphatase activity, 
924-925* 
in diabetes mellitus, 897*, 1590 
hexosamine content of globulins, 
insulin antagonist, 1589-1590 
in myeloma, 353-354, 888* 
new protein identified, 903* 
radioiodinated insulin, 394 
sialic acid, 454 
in thyroiditis, 780-782 
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of sputum, in pulmonary carcino- 
matosis, 877* 
of stored erythrocytes in acid- 
citrate dextrose, 225-231 
in thyroxine binding, 28 
and pH, 1333-1341 : 
mucopolysaccharides, 


Emphysema 
and aminophylline, 892* 
and epinephrine, 869* 
mechanical behavior of lungs, 1685 
diffusing obstruc- 
tive, 5, 13-16 
respiration regulation, 891-892* 
Encephalitis, 6 
disease virus, 912* 
Endotoxin 
lethal action 
and fibrinoid lesions in Shwartz- 
man reaction, 695-699 
and plasma factor, 900* 
shock, and cortisol, 914* 


e 
cholesterol-esterifying activity, 720 
defects in galactosemia, 
hydroxylating system, 932* 
in Laennec’s cirrhosis, 535-537 
“a in iron deficiency, 


liver 

at autopsy, 1584 

in kwashiorkor, 1581-1582 
pancreatic 1 content, 1529- 


_ sulfhydryl, ‘inhibitors, in vitro, and 
diuretic activity, im vivo, 


, 668 
time relationship in intestinal con- 
= after ingestion, 1529- 


and adrenocorticotro- 
pin, 1180 
Epidemic hemorrhagic fever 
capillary lesions in, 1688-1700 
therapeutic agents, 1694 
renal lesion in, 99-223, 895-896* 
physiological disturbances, 101 
See also Kidney 
Epinephrine 
and blood glucose, 898* 
and hypertension, 1325 
plasma concentration, 892* 
and pressure-volume responses in 
forearm, 886*, 1663-1671 
after phentolamine, 1668-1669 
and pulmonary 
circulation, 670-673 
emphysema, 869* 
Erythema 
forearm circulation, 246 
palmar, in hepatic eter 888* 
Erythroblastosis fetalis, Cr™- labeled 
red cells survival, 1439 


ocytes 
ABO-incompatible, 1430-1433 
and aging, 676-679, 903*, 913* 
in anemia. See Anemia 
autogenous, agglutinated, distribu- 
tion in body tissue, 1433 
autohemolysis, 817, 822 
carbohydrate metabolism, 625 
in paroxysmal nocturnal hemo- 
globulinuria, 869* 


1763 


carbon monoxide uptake rate, 8 
chloride concentrations, 
3, 345, 350 
and in extracellular fluid, 34 
destruction, 833-841 
by antibodies, 1428-1457 
in hypoagammaglobulinemia, 1455 
by isoagglutinins and by iso- 
hemolysins, 1431 
pathways of, 1456 
of sequestrated, 1440 
drug-sensitive, and glutathione, 
617-627 
exchangeable chloride, 281 
fragility 
osmotic, 227, 819, 822, 1471 
and after inosine, 


and temperature, 228 
fusion to hyaline masses, 136-137 
glucose content, 886* 
glutathione, destruction mechanism, 
617-627 


glycolytic pathways and sodium 
transport, 
hemoglobin 
As separation, 1617 
concentration and sickling phe- 
nomenon, 
hemolysis 
and 623- 


hypotonic, 903*, 913*, 1498-1506 
and pH, 14 
paroxysmal nocturnal hemo- 
globinuria, 900* 
reutilization, 1447, 1452 
and time of storage, 230 
in hereditary spherocytosis, and 
sodium transport, 816-822 
hypochromia, in rheumatoid arthri- 
tis, 1056 
hypoxanthine/inosine ratio in stor- 
age, 


handling by reticulo-endothelial 
cell, 875-876* 
turnover rates, 1049-1050 
lysis, 1443, 1452 
mass 
and exchangeable chloride, or 
potassium, 1378-1381 
reference standard, 1377 
metabolism, 938-939* 
and thiamin deficiency, 936-937* 
meee in epidemic hemor- 
rhagic fever, 129 
and plasma 
potassium movement, 726 
after sodium loading, 306-308 
preservation, 429-433 
radioactivity in, after radioactive 
iron, 1046-1049 
hemosiderosis, 1153, 
il 


radiolabeled, 1470-1485 
in age study, 676-679 
in hookworm infection, 1183 
spleen and liver ratios, 1471- 


iron 


in renal ve of epidemic hemor- 
rhagic f ever, 129, 146-147 
riboflavin in kwashiorkor, 1583 


. 
99-100 
Mg) 
7 
ae 
i 
t 
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Erythrocytes (cont'd) 


sedimentation rates 
in carditis, 607 
in heart failure, 607 
and heparin-precipitable plasma 


sequestration 
and antibody, 1430- 


1433-1440 
Fe®5®-labeled reticulocytes for 
evidence, 1443-144 
in hemolytic anemia, 1475 
in liver, 
in lung, 1157 
sickling, in vitro at oxygen ten- 
sions, and pH, 836, 842 
size, pod exposure to dextrose, 


sodium concentration in, 346 
splenic trapping, 1470-1485 


surface membranes, 816, 822 
survival studies, 1043-1056, 1439, 
1471-1473 
time and methods, 1150, 1153- 
1154, 1157 
thyroxine binding, 28 
Erythropoiesis, in pulmonary hemo- 
siderosis, 1150 


plasma, activity, 
Erythrose 4-phosphate 


conversion to 
ribose, 1410-1412 
xylulose-2-C1*, 1411-1412 
synthesis, 1410 
coli, radiochromium la- 
beled, in Shwartzman reac- 
tion, ‘695-699 
Esophagus 
and without swallowing, 


intraluminal pressures, 582 
in dysphagia, 589 
in stimulation, 911* 
in swallowing 
catheterization for patterns, 930* 
propulsion of bolus through, 
586-587 


Estradiol 

metabolism, and hepato-biliary-en- 
teric circulation in women, 
1266-1277 

in poliomyelitis, 996-1001 

radiolabeled, bile excretion, 1267, 
1274-1275 

in bile fistula, 1269 


biliary excretion and metabolism 
in women, 1274 

and hypercupremia, 1214 

and lipoprotein concentration, 720 

possible pathways, 


and nitrogen excretion, 1011, 1016 
and androgen, 1014, 1015-1016 
Estrone, metabolism, and hepato- 
biliary-enteric circulation in 
women, 1266-1 
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Ethanol. See also Alcohol 
of serum, 


Ether 
anesthetic effects, and sodium bi- 
carbonate, 1221 
metabolic acidosis, 1126 
and plasma carbon dioxide con- 
tent, 1123 
and phosphorus metabolism, 898* 
Ethylenediaminetetraacetic acid 
and heparin-precipitable plasma 
fraction, 597 
plasma and map responses, 
and calcium, 568. 


and blood ammonia, 927-928* 
and cardiac output, 6, 1140 
ear oximeter for repeated meas- 
urement, 894* 
and heart rate, 1145 
oxygen consumption during, 7-8, 
1140, 1146 
arte: pressure re- 
sponses, 1138-1148 
diffusing capacity, 6-16 
and glucose production, 


vascular resistance during, 1141- 
Exoph ed 891* 
ophthalmos, and myxedema, 

Extremity. See also Forearm 
hyperemia, and smoking, 937* 
paralysis, and potassium move- 

ment, 731 
in poliomyelitis, 953 
and gonadal steroids, 1009-1011, 


Fat. See Lipids; a Fatty Acid, 
unes 
Fatigue, and 631-633 
Fatty acid, unesterifi 
arteriovenous differences 
and amino acid, 812-813 
from coronary sinus and hepatic 
vein, 811 
— and insulin, 812, 


saphenous vein samples at car- 

diac catheterization, 812 

and carbohydrate utilization, 884* 

metabolism, 

transport function, 816-814 

Feces, excretion 

anabolic significance of dipyrryl- 

methane and mesobil i 


in bile Sahin 1267-1277 
calcium metabolism, 685, 1023- 


and hypocalcemia, 437 
in cholecystitis, 1186 
in estrogen metabolism, 1275 
gastrointestinal chloride, 284 
in hookworm infections, 1183-1192 
in iron studies, 316-321 
and nitro 

S71, 1019-1023 

multiple myeloma, 355 
phosphorus, 1023-1027 

and aluminum gel, 571 


in litis, 1019-1027, 1267, 
and strontium metabolism, 682- 


urobilinogen 
and cortisone, 1372-1373 
in hemolytic anemia, 1471 
in hemosiderosis, 1157 
in rheumatoid arthritis, 1052, 

1055 

Fetus 
plasma protein synthesis, 398-403 
serotonin concentration, and 5- 

hydroxytryptophan, 1596 


ever 
epidemic hemorrhagic, 895-896* 


capillary vascular system, 1688- 
1700 


and cortisone, 1694 
and diphenhydramine, 1694, 1698 
and 1694, 1695, 


renal lesions, 99-223 
tetracyclines, 1694, 1697 
Q gd injury, 896*, 1688, 


Fibrinogen 
cold-solubility of isolated and 
heparin 1 
and fibrinoid lesions, 615 
interference, with B- lipoprotein de- 
terminations, 
migration rate, electrophoretic, 600 
and plasma _heparin-precipitable 
fraction ratio, in diseases, 
607-616 
synthesis, rate, 417 
Fibroadenoma, of breast, and glu- 
cose tolerance, 255 
Fibroendocarditis, diffusing capac- 
ity of lung, 13-16 
1 diffusi i 
and pulmonary using capacity, 
13-16 


in renal lesions of epidemic hemor- 
root fever, 128-129, 158- 


Fistula 
aortic-caval, hemodynamics after 
Lanatoside C in, 335-339 


bili 
poet metabolism, 1627- 


excretion of estrogen 
metabolites in, 1269 
broncho-pleuro-cutaneous, 13-16 
Fluid 
gerd, and dehydration, 630- 


wilibria in, 786 
electrolyte eq in, ’ 
788, 7' 


balance, in hemorrhagic 
fever, 00 
cerebrospinal 
ammonia content, and thioctic 
acid, 1211-1212, 1214 
copper content in Laennec’s cir- 
rhosis, 1210, 1214 
after thicctic acid, i211 
encephalographic volume meas- 
urement, 911* 
in hepatic coma, 366, 371 
and hydration, 631 


683, 685 
fraction, 598 
; 610, 613 
4 
» 
1016 
and oscillating bed, 990 
F 
Estrogen | 


protein patterns in diabetes, 
897* 


extracellular, 27, 38 
acid-base disturbance, 522 
chloride space in, 50 
hydrogen ion concentration, 381 
concentration, 


in potassium depletion, 764-765 
and sodium 
depietion, 764-765 
excretion, 1461-1463 
injection, 435-436 
spaces, 340-350 
thiosulfate, single injection and 
slope methods, 329- 


and thyroid therapy, 423-425 
volume, 1461-1463 
in acidosis, 374-381 
and arterial pressure, 1321 
forced drinking, and renal concen- 
trating ability, 630-633 
hypotonicity, and diabetes insipi- 
dus, 1204 
interstitial, chloride content in, 279 
intracellular, 423-425 
accumulation, 897- 


in skeletal muscle, 1244 
subcutaneous, electrolyte equilibria 

in, 786, 788, 790 

and thyroxine binding, 27-28, 36 
transcellular 

chloride content, 279 

potassium movement, 723-736 
and infusion distribution, 


Fluorohydrocortisone, in Addison’s 
disease, 1705-1706 

Folic acid antagonists, and 6-mer- 
in leukemia, 


Forearm 
circulation in 
components of, 245-253 
periodic paralysis, 734-736 
— potassium movement, 723- 


and oxygen consumption, 727- 
728 


venous responses 
to epinephrine, 886* 
norepinephrine, 1663-1671 
Fructose 
blood clearance and urinary ex- 
cretion, 1402 
and erythrocyte lysis, 1503-1506 
F -uctose 6-phosphate 
in phosphate production, 
410-1412 


1410 
in xylulose-2-C14 phosphate pro- 
duction, 1411-1412 


Fumaric acid, and erythrocyte lysis, 
1503-1506 


G 
Galactosamine 
in hexosamine, 1330 
mucopolysaccharide, in rheumatoid 
arthritis, 1 


518 
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sulphated-N-acetyl in sodium 
chondroitin sulfate  struc- 
ture, 1716 

Galactose, 929* 


and lysis, 1503-1506 
metabolism, 
accessory pathway, 902* 
enzymatic lesions, 


Gallbladder 
after meal ingestion and bile acid 
release, 1531-1532, 1534 
and metabolism of phenolic ster- 
oids, 1267 
Gallop sounds 
auricular, 910* 
diastolic, 1035-1041 
in mitral valve disease, 902* 


Gas 
fren diffusing capacity test, 


blood content, and cerebral blood 
flow, 1132-1133 


spontaneous paralysis, 


in respiratory cycle, 1556-1571 
measurement in infants, 
1081-1082, 1090-1091 
oT , iron absorption after, 
Gastric secretions 
and adrenal cortex, 1171-1181 
composition, 1179-1180 
hydrochloric acid, 1173 


pepsin, 
=, 1175-1176, 1180-1181 
volume, 1173 
tract 
absorption 
of radiochromium labeled red 
cell, 1183-1187 


from, in sprue, 265-268 
from, of tocopherol, 1630-1633 
blood and iron loss in hookworm 
infection, 1188-1192 
chloride 


in gut, 
intracellular, 343-350 
cholesterol excretion, 898* 
cortisone absorption, 1310 
content and lumen iron, 


324 
digesti absorption, 1521- 
pH of content, ae 

electrolyte, 265-268, 346 

and water content, 289-295 
hemorrhage, 362, 364-365 
intraluminal 881* 
ee and binding, 661, 


motili 
and 1597- 
1598 
nitrogenous material and ammonia, 


keto-acids in hepatic coma, 


pain stimulation, 911* 


chloride, 284-287 
and po! absorption, 
1521-1534 
potassium absorption, 294-295 
sodium absorption, 265-268 
strontium excretion, 687 


water content, 292 
absorption from, 265-268 


release after thermal injury, 
Giraffe, a and respiration, 
Globulin 


alpha, 54 
corticosteroid binding in plasma, 
881-882* 


hexosamine content, and anti- 
inflammatory hormone, 53 
in rheumatoid arthritis, 309-312 
thyroxine-binding in nephrosis, 
, insulin antagonist activity, 
1589-1590, 1592 
alphas 
mobility, 459, 466 
protein content, 54 
ratio comparison by electro- 
phoretic nephelometric 


sub-fractions, 402 


antigenic similarity to macro- 

globulin, 
gamma 

el mobility, 458- 
459, 466 

of fetus, 403 

insulin binding with, 393-397 

serum level for lymph node 


homotransplant, 410 
synthesis, rates measured, 417 
insulin-binding, 646 
lipoprotein-containing, deoxycholic 
acid binding by, 538, 542 
migration of denatured albumin 
with, 45 
myeloma serum, Schiff-positive 
material, 357 
plasma, immunological relation, 
402-403 
serum 
hexosamine content of, 51-57 
molecular weight, 357 
synthesis by placenta, 400 
typhoid O-betas and i '-gamma 
synthesis, rates, 417 
Glomerular filtration rate 
and arterial pressure, 1326 
and autonomic vasoregulatory re- 
flexes, 1327 
in coarctation of see, 1540-1541 
after cortisol, 770-77 
intravenous ood 774, 776 
after cortisone, 770-7 771 
in diuresis 
mercurial compounds, 659-665 
phosphate, 564 
sodium, 304, 882* 
water, and renal artery cuff, 
1416-1419 
and inulin clearance in hyperten- 
sion, 1464, 


and plasiza exchange 
> 4 
gamma 
i itami 
of radiolabeled vitamin Bu, ee 
> 
‘ 364-355 
ae 
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lomerula filtration rate (cont'd) 
and morphine, 919* 


and norepinephrine, 89-96 
and potassium excretion, 882* 
and "06 vasopressin infusion, 


of phos- 
551-555, 
in respiratory acidosis and alkalo- 
sis, 522 


after saline infusion 
hypotension, ise 25 


and sodium excretion, 
and theophylline, 
and urine composition in renal 
vasopressin, 
in Wilson’s disease, 108-1109 
Glomerulonephritis 
antibody response in, 876* 
exchangeable body 
deuterium oxide, 790 
potassium, 787 
sodium, 785 
Glucagon, and insulin, 74-80, 887- 
888*, 1591, 1593 
Glucosamine 
in hexosamine, 1330 
mucopolysaccharide, in 
toid arthritis, 1518 
Glucose 
arteriovenous difference 
in cant paralysis, 734- 


of sgogearied fatty acid, 812, 


blood level 
clearance rate, 1402 
and glucagon, 7 
for insulin coma termination, 


rheuma- 


and glutamate, 708-711 
and iusulin 
hypoglycemia, and chlorprom- 
azine, 
pentose response to, 1383-1393 
in periodic paralysis, 734-736 
attack induction, 733 
and tolbutamide, 
dosage, and body size, 510 
for a hemorrhagic fever, 


and erythrocyte glutathione pro- 
tection, 621, 623, 626 
and hemolysis of blood in paroxy- 
smal nocturnal hemoglobu- 
linemia, 869* 
intestinal absorption, 1524 
and concentration, 1527 
lipid concentration in lipoprotein 
fractions after, 856-859 
metabolism 
and erythrocyte aging, 913* 
in malignant disease, 254-263 
of phosphorus during anesthesia, 
898-899* 


oxidation, 734, 736 
and synthesis of cholesterol and 
fatty acids, 929-930* 
tion, 1 
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incorporation pattern, 1282 
renal function in Wilson’s dis- 
ease, 1109, 1112-1113 
splanchnic production and muscu- 
lar exercise, 906* 
stereochemical configuration, 1383 
tolerance 
age differences, 504-512 
in malignancy, 254-263 
transport, through kidney, 879* 
uptake 
by forearm tissue, 728-729 
production in paral- 
artery clamping, 
Glucose-6-phosphate 
and erythrocytes, 913*, 1503-1506 
in ribose phosphate "production, 
1410-1412 


in production, 


synthesis, 1410 
in xylulose-2-C1* phosphate pro- 
duction, 1412 
ase, in ribose-1 phos- 
phate production, 1411 
Glucuronic acid 
in — sulfate structure, 


mucopolysaccharide in rheumatoid 
arthritis, 1518 
Glucuronidase 
hydrolysis 
of cortisone metabolites, 1311 
estradiol and estrone, 1272, 1275 
after cortisol, 1351, 
1353, 1357 
after radiolabeled cortisone, 1304 
urinary concentration of tetrahy- 
drocortisone versus tetra- 
hydrocortisol, 1310 
Glucuronide 
anthranilic acid and tryptophan, 


urinary patterns, 299- 


Glutamate 

content of plasma, 1674-1677 
conversion to ketoglutarate, 711 
hemoglobin content, 1345 

in phenylketonuria, 
and hepatic coma, 706-711 

and asparagine, 709 

and bilirubin concentration, 707 
and unesterified fatty acid concen- 


and erythrocyte lysis, 1503-1506 
in hepatic coma and elevated blood 
ammonia, 913* 
incorporation into myeloma pro- 
teins, 355-356 
uremic, 1229-123} 
Glutamine 


concentration, after 
fusion, 7 


utamate in- 


plasma levels, 


after surg 
Glutathione 
destruction mechanism, 627 
and lysis, 1503-1506 
in hemolytic anemia, 


production, 


G 
production, 
0-1412 
synthesis, 1410 
in xylulose-2-C' phosphate pro- 
duction, 1411-1412 
lycerides, serum content 
after fat ingestion, 850 
after glucose, 857 
Glycinamide ribotide, in nucleotide 
_ pathway, 1572 


toxicity, 1653 
concentration 
after glutamate infusion, 709 
plasma, 1228, 1 167 
and serine, 1676 
after surgery, 1677 
uremic, 1229-1231 
and erythrocyte lysis, 1503-1506 
labeled, 1519-1514, 


73 
1-C1* versus N18, 1512, 1514 
and taur‘ne, in bile acid conjuga- 
tion, 534-535 
Glycocholic acid, plasma birding, 


in poliomyelitis 
and estradiol benzoate, 1001 
and testosterone, 997-999, 1016 
combined, 1004, 1016 
Glycodeoxycholic acid, plasma bind- 
ing, 538-539 
Glycogen, formation, 1279-1283 
Glycolic acid 
and erythrocyte lysis, 1503-1506 
oxidase, in liver 
at autopsy, 1584, 1585 
in 1581, 1585 
Glycopr 
a ag after thermal injury, 42 
serum, arthritis, 


Glycosuria 
and adrenal corticoids, 890-891* 
and dimercaprol, 921* 
and Wilson’s disease, 1109, 1112 
Goiter 
diffuse hyperfunctioning, and thy- 
rotropin, 905* 
thiouracil-induced, 885* 
thyroid hormone-plasma protein 
complex, 1487, 1495 
Gonadotropin 
isolation 
in Klinefelter’s syndrome, 909* 
in placental metabolism, 932* 
Gout 
anti-inflammatory hormone ther- 
apy, 54 
hexosamine and protein serum 
content in, 52-53, 


in menopause, 


| 
1651 

1602, 1604 

and benzoate, metab- 
tration, 814 

Glutamic acid 


hyperuricemia, 938* 
and alcohol, 1509 ; 
and uric acid overproduction, 
1508-1514 
suppression, and 4-amino-5-imida- 
zolecarboxamide in uric 
acid, 908' 
uric acid, 908* 
degradation, 1512 
overproduction, 1508-1514 
Growth hormone 
and adrenal weight of hypophysec- 
tomized rat, 16 
and insulin antagonist serum, 1591 
and cortisol, 1593 
metabolic effects, in human and 
monkey, 873* 
preparation from pituitaries, 921* 
G suit inflation, responses, 5 
Guanosine 
and acid-citrate-dextrose blood 
storage in, 431-433 
and erythrocyte lysis, 1502 
and uric acid excretion, 433 
in leucopenic leukemia, 


H 
Haptene, for immunoreaction, 929* 
Headache 
in epidemic hemorrhagic fever, 102 
and hydration, 631 
vascular, and dextran, 1234 
Heart 


beating, isolated, 889* 
blood volume in, 901* 
copper concentration in Laennec’s 
cirrhosis, 1212, 1215 
endotoxin uptake, 6 
fetal 
protein synthesis, 400-401 
and serotonin, 1598 


gallop sounds, 902*, 910*, 1035- 
1041 


hemodynamic responses to posture 
and atropine, 1656-1662 

and isopropylnorepinephrine, 883* 

and binding, 661, 


muscle 
electron transfer system, 921- 
922* 


nucleotide metabolism, 1572-- 
1577 


and norepinephrine, 479-483 

plastic surgery, new concept in 
prosthesis, 892-893* of, 

potassium turnover in regions 
479-483 


pumping capacity and oxygen 


rate 
and atropine, 1657 
and peripheral pooling, 1658 
and coronary blood flow, 1103 
and exercise, 1145 
in hypoxia and heat stress, 1643 
and Lanatoside C in aortic-caval 
fistula, 336-338 
and norepinephrine, 90-96 
and eo uptake rate, 473, 


responses to quinidine, 844-846 
spasm, distal segment in, and ves- 
tibular sphincter, 930* 
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stroke volume, 1658-1659 
in —": ef aorta, 1540, 
and peripheral pooling, 1658 
thyroxine uptake, 29 
and vasopressin, 4 
work 
and exercise, 1140-1148 
and nitroglycerin, 895* 
and seems, expansion by dex- 
tran, 


Heart disease 


and body exchangeable 
deuterium oxide, 
potassium, 787 
sodium, 785 
congenital, acidosis in, 273 
gastrointestinal chloride concentra- 
tion, 
and gastrointestinal water concen- 
tration, 293 
nee serial cardiac output, 
pulmonary and cardiac blood vol- 
umes, 901* 
radiosodium distribution in trans- 
udates and serum, 786 
rheumatic, antigen reaction, 795 


Heart failure, 390 


and aldosterone secretion, 689-693 
and edema, 9 
and serum potassium, 390 
anastomosis 
injection mass in esophageal and 


1258 
porto-caval an porto-pulmo- 
nary, 1257-1264 


cellular and extracellular changes 
water and _ electrolytes, 


measurement, 919- 
electrol J and water metabolism, 


fibrinogen levels, 607-608, 614 
in fistula, aortic-caval, 336-339 
and gallop sound 
presystolic, 1037 
protodiastolic, 1040 
right-sided, 1038-1039 
and hemodynamics after coarcta- 
tion of aorta, 1543 
and heparin-precipitable plasma 
fractions, 607-610, 614 
and ACTH, 607-608 
and Lanatoside C, 338-339 
peri-esophageal vein dilation, 1262 
in rheumatic fever, 614 
and — arterial hypertension, 


lung diffusing capacity, 
Hemangioma, heparin- 


plasma fraction values in, 
612 


Hematemesis, in epidemic hemor- 


rhagic fever, 129 


Hematocrit 


in anemia 
of rheumatoid arthritis, 1471 
sickle cell, and blood viscosity, 
836-841 


in aorta and spleen, 1451 
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arterial 

after hexamethonium, 861 

and quinidine, 844-846 

after saline, 1461-1462, 1466 
in coarctation of aorta, 1540-1541 
and of plasma, 


in epidemic hemorrhagic fever, 99- 
113, 118 ad 
er rocyte exposure - 
Gate and ium chloride, 
826* 
in gout, 1509 
in hemoglobinopathies, 
834-843 


and infectious illnesses, 1694-1696 
iron absorption, 316-324 
and plasma corticosteroids tem- 
perature responses, 1 
responses to obesity, 84 
after sodium load, 306-308, 764 
Hematomata, 129 
Hematuria, 118 
Hemochromatosis 
absorption of radioiron in, 314-324 
electrophoresis of erythrocytes 


rom, 229 
hemoglobin Ag isolation, 1621 
Hemodynamics 
cardiac 
in aortic-caval fistulas; Lanato- 
side C, 335-339 
and posture; atropine, 1656-1662 
in mitral valve disease, 876*, 917* 
after plasma Sepeaision by dextran, 
1233-1 


pulmonary and serotonin and sero- 
tonin antagonists, 924* 
enal 
and “cell separation theory,” 
872* 


in hypertension, 871-872* 

and norepinephrine, 89-96 

after parathyroid therapy, 565 
and hypotension, 1326- 


r 


in respiratory ac:dosis and alka- 
losis, 522, 52 
visceral, in coarctation of aorta, 
1537-1543 
Hemoglobin 
Ag isolation, 1615-1624 
comparison of human and prim- 
ates, animals, 1622-1 
distribution, 1619-1620 
properties, 1618 
acetylphenylhydrazine-modified and 
glutathione destruction, 620, 
624-627 


arterial, and quinidine, 844-846 
and cerebral circulation, 1133 
concentration 
in anemia, 1045-1046, 1471 
in 1154, 1157- 
and viscosity of hemoglobin 
solutions, 83 
-creatinine clearance ratio after 
norepinephrine, 90-96 
crystallization of, 230 
in erythrocyte extract, 226 
Fe59-labeled reutilization, 1446 
in gout, hyperuricemic, 1 
hereditary differences, 753-756 
species difference, 756 


pee 
4 
4 
| 
j 
| 
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Hemoglobin (cont'd) 
heterogeneity of, 229 
in hookworm infection, 1188-1192 
inte absorption, 316-324 
oxidation 
and aches monoxide produc- 
tion, 9 12* 
viscosity, 835 
an content, in phenyl- 
ketonuria, 1343-1348 
plasma levels after radiolabeled 
cells, 1430-1432, 1443- 


in pulmonary capillary bed and 
— capacity of lungs, 


renal 
clearance, 89-96 
transport, 908* 


-type 

hereditary hemoglobininopathies 
involving, 2 

peripheral arteriovenous shunt, 


S- 


and sickling, 836, 840-842 
uptake ot radiochromium, 1186- 


Hemoglobulinemia, paroxysmal 
900*, 1471-1473, 


antibodies, 891* 
nocturnal, 
1477-1478 


emophilia 
platelet correction, 878- 


hemoglobin Ag isolation, 1621 
Hemopoiesis, hemoglobin As, per 
cent prevalence, 1621 

Hemorrhage 
and hepatic coma 

and ammonia, 
acid, 707 

pulmo: 
— mol erythrocyte iron, 
hemosiderosis, 1150 

and Stuart clotting defect, 485- 


4 
“female bleeders,” 500 
genetic aspects, 497-502 
Hemosiderin, and serum iron levels 
in hepatic siderosis, 1723- 
1725 
Hemosiderosis 
hepatic, and iron intake, 1723-1725 
pulmonary 
diffusing capacity, 13-16 
idiopathic, 1150-1158 


eparin 
and albumin 
as anti-lipemic agent, 925* 
and plasmna cholesterol, 701-703 
and calcium binding, 597-598 
and cold solubility of isolated 
fibrinogen, 600 
and Rages, clearance in nephrosis, 


precipitable fractions, 596- 


clinical studies, 605-616 
isolation and _ characterization, 
596-603 
Hepatitis 
bile acid, serum and urine content, 
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forearm circulation in, ta 

hexosamine and otein 

infectious, 531, 533, 714 

fecal excretion of A 1635 

lipoprotein spectrum, 716-717 

and — jaundice, 714-717, 


serum, and lymph node homotrans- 
plantation, 416 
Hepatoma 
lipoprotein spectrum, 716-717 
and obstructive jaundice, 714 
Heredity 
gene of spherocytosis, 


of hemoglobin differences, 753- 
756 


of Stuart clotting defect, 497-502 
Hexamethonium 
hemodynamics after, 260-864 
and pulmonary vascular engorge- 
ment, 
Hexosamine 
content of serum giobulins in dis- 
ease, 51- 
and hormone therapy, 57 
and uronic acid molar ratios in 
protamine precipitates, 1330 
Hexose 
release, after thermal injury, 41-43 
and — lysis of erythrocytes, 


Hippuric acid, and benzoate, 302 
Histamine 
bronchoconstriction, 674 
and Dilatol®, 
and gastric output 
hydrochloric acid, 1173 
hydrogen ion, 1174, 1181 
pepsin, 1174, 1181 
volume, 1173 
and promethazine, 1290 
and pulmonary circulation, 671-675 


anaphylaxis, 1115-1119 
after thermal injury, 
temperature responses, 1285-1293 
in achlorhydria, 1289-1290, 1293 
Histidine 
and nitrogen balance, 1647-1655 
plasma levels, 1228, 1674-1677 
after surgery, 1677 
uremic, 1229-1231 
Hodgkin’s disease 
glucose tolerance, 256-258 
hemoglobin Ag isolation, 1621 
plasma erythropoietin activity, 896* 
plasma _ heparin-precipitable frac- 
tion values in, 612 
Homograft, survival, "405-419 
Hookworm, intestinal blood loss in 
infections from, 1183-1192 
Hormone. See also specific glands ; 
specific hormones 
antidiuretic 
after ingestion, 1204- 


antagonism of cortisone and 
cortisol, 776-777 

and hydration, 629-633 

and morphine, 918-919* 

ani potassium, 918* 

rate constant defined, 1067 


role in hypertonic urine produc- 
tion, 1425-1426 
and sodium excretion after iso- 
tonic saline infusion, 1323- 
1324 
and water metabolism, 882-883* 
anti-inflammatory and hexosamine 
content of serum globulins, 
protein, irradiation damage to, 49 
Hydration 
in adrenalectomized rats and corti- 
sone versus desoxycorticos- 
terone acetate, 1 
and eq'tilibration of electro- 
lytes, 790 
and renal concentrating ability, 
629-633 


and sodium depletion, 1299 
Hydrochloric acid 
gastric output, and adrenal cortical 
steroid infusion, 1173 
metabolism, and hydrogen ion dis- 
tribution, 373- 
Hydrocortisone. See Cortisol 
Hydrogen ion 
concentration 


and Cog binding of cholanic 


in gastric juice, 1174, 1181 
distri jon, and degree of meta- 
bolic acidosis, 373-381 
excretion, in respiratory alkalosis, 


Hydronephrosis, urine composition, 
885* 


Hydrosulphite, and erythrocyte 
glutathione, 620-621 

11 
rom cortisol, 1274 

17-Hydroxycorticosteroids 

and aldosterone output, 911* 

in marr and heat stress, 1643- 


plasma, in 
urinary excretion, 60-761 
and ACTH, +80, 


after cortisol and triiodothy: »- 
nine, 1314-1316 
5-Hydroxyindoleacetic acid, uri- 
nary excretion, 1596 
3-Hydroxykynurenine, and trypto- 
phan, 1601-1602, 1604 
Hydroxylaming and acyl glucuro- 
nides 
3-Hydroxymercuri-2-methoxy-1- 
propylcarbamyl-0-phenoxy- 
acetate, 658, 662 
Hydroxyproline, release after ther- 


mal injury, 41-43 
5-Hydro See Sero- 
metabolism, 

and re effects, 

1594-1598 
amphe- 

none, 899*, 9. 
Hyperbilirubinemia 

and cortisone, 1370-1373 
and prednisolone, 1372-1373 
By ercalcemia 
alter hypervitaminosis D and milk- 
alkali syndrome, 899* 


| 
| | 
531, 533 | 


in osteolytic di 
after parath discon thera 
in poliomyeli tis, 977-97 


$60, 568 


in osteolytic 887* 
in poliomyelitis, 966-981 
Hypercholesteremia 
in nephrosis, 70 703, 
ogenesis, 1 
tihydrony bile concentration, 


Triton-induced, 1563 
Hypercupremia, in Laennec’s cir- 
rhosis, and estrogen, 1214 


H emia 
Blood Fd of foot and smoking, 


in epidemic hemorrhagic fever, 104 
eet in coarctation of aorta, 


“a red cell destruction in, 


Hyperkalemia 
in acidosis, 381 
after adrenal tumor removal, 923* 
and sodium depletion, 384 
aint urinary aldosterone, 391 
lipemi 
bumin-heparin as  anti-lipemic 
ent, * 
bile acids, in serum and urine, 531 
after fat ingestion, 849-850 
in 701-704, 873*, 1563- 


pituitary function in, 872* 
tremia 
and diabetes insipidus, 885* 
and hypocaicemia, 434-439 
Hyperparathyroidism 
and Paget’s disease of bone cal- 
cium studies, 893-894* 
after parathyroid therapy, 560 
Hyperphagia, and satiety responses 
in mice, 1 1641 
Hyperphosphatemia, after muscle 
trauma, 831 


adrenal 
and amphenone, 899* 
in syndrome, 1608- 


pregnanetriol and pregnanetri- 
olone excretion, 1730-1734 

of epithelial cells, in epidemic 
hemorrhagic ‘fever, 220-223 
of high altitude dweller, 


Hypertension 
circulation in forearm, 246 
in coarctation of aorta, 1537, 1542 
desoxycorticosterone acetate and 
cortisone induced, 1295-1299 
electrolyte and water excretion in, 
1460-1468 


in epidemic hemorrhagic fever, 99- 
100, 1695-1696 

natriuresis in essential, 871-872* 

personality, behavier, and vaso- 


pressor mechanisms, 918* 
plasma radioactivity, after radio- 

labeled vitamin By, 1553 
portal, and anastomosis, 1259 


SUBJECT INDEX TO VOLUME XXXVI 


scenery, and acetylcholine, 890* 

renal splanchnic vascular re- 
sistance, 1542-1543 

after splanchnicectomy, 1462-1468 


Hyperthyroidism 
and iodine release, 


radioiodinated, hormone disappear- 
ance, 1488, 1494-1495 
Hyperuricemia, in primary gout 
and uric acid production, 
1508-1514 
H entilation 
cium and citric acid complex, 
870-871* 


and ss Wing capacity of the lung, 
and ar ada excretion, 520, 527- 


pHi of urine, 517, 520, 525 
renal hemodynamics in, 522-5 
and titratable acidity, 520, 527 
Hypervitaminosis D, and milk-al- 
kali syndrome, 
Hypoalbuminemia 
and hyperlipemia in nephrosis, 703 
in ulcerative colitis and regional 
enteritis, 931* 
ypocalcemia 
in hypernatremic states, 434-439 
and phosphate infusion after mus- 
cle trauma, 831 
and urinary excretion of phos- 
phorus, 901* 
Hypochloremia, in respiratory aci- 
dosis, 910* 
Hypogammaglobulinemia 
erythrocyte, type B, destruction in 
type A patient, 1455 
lymph node homotransplant for, 
405-419 


H lycemia 
enal cortical response and chlor- 
promazine, 
after dimercaprol, 921* 
insulin, 1389 
and ACTH, 543-548 
and chlorpromazine, 547 
and glucagon, 7 
after sulfonyiureas, mechanism of 
response, 889-890*, 9, 
Hypokalemia, potassium chloride 
for aldosterone activity, 


and sodium deple- 
tion, 387, 391 
Hypoparathyroidism 
calcium, and phosphate metab- 
olism, 550-580 
and parathyroid therapy, 557-565 
and renal function, 550-561 
Hypoproconvertinemia, Stuart fac- 
tor in, 485-494 
Hypoproteinemia, hemoglobin As 
isolation, 1621 
Hypoprothrombinemia, hereditary 
497-502 
H 


in hemorrhagic fever, 
d 1691-1697 
and capi changes, - 
shock, 128 
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postural 
arterial pressure after removal 
and replacement of blood, 
1320 
chloride excretion, 1325 
aa filtration rate, 1324- 
13 
sodium excretion and methyl 
fluorohydrocortisone, 1324 
after quinidine, 846 
Hypothalamus, electrolytic lesions, 
mice, 1638-164 


phosphate, 


See dike 
Hypoxanthine 

and erythrocyte lysis, 1503-1506 

in me synthesis pathway, 


oxidation in vivo, to uric acid, 433 
and stored blood, 430 
inosine ratio, 
Hypoxia 
blood ACTH and ar corti- 
1642-1646 
res tory adjustments, to a e 
270-277 


Immunology 
and or coagulation problems, 
interaction of lymph node homo- 
transplant and recipient, 410- 


411 
in macroglobulin Study, 456-466 
model for reaction in quinidine 
purpura, 929* 
pyrogenic and leukopenic effects 
of hemolysis, 904* 
techniques in macroglobulin study, 
457-458, 466 


tuberculin, in lymph node homo- 
transplant, 408, 410-411 
hypersensitivity, 411, 416 
Infant 
dehydration, hypernatremic, 438 
plasma _ heparin-precipitable frac- 
tion values, 614 
pulmonary ventilation and diffu- 
sion, 1081-1091 
radioactivity elimination rate after 
cortisol-4-C“%, 1352-1353, 
1356, 1360-1361 
respiration, measurement of me- 
chanics, 
in neonatal distress, 443-444 
Infection 
fever in, 99 
and capillary changes, 1688-1700 
hookworm, intestinal blood loss 
with, 1183-1192 
plasma heparin-precipitable frac- 
tion values, 612 
streptococcal 
antibody levels 
children after, 79 
chlortetracycline 
in treatment, 1096-1099 
viral, susceptibility to, and stress, 
922* 
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Injury : 
hepato-cellular, trihydroxy/dihy- 
droxy bile acid ratio and 
intensity, 537 
thermal, substances released from 


lysis, 1500-1502 
glutathione protection, 623, 626 
in stored blood, 226-231 
hypoxanthine ratio, 430-433 
phosphorolytic cleavage, 430 
Inosinic acid 
and erythrocyte lysis, 1500-1506 
in synthesis pathway, 


Insulin 
age oo in responses, 504- 


and alloxan diabetes, 916* 
and arteriovenous differences of 
unesterified fatty acid, 812 
binding, 873-874* 
electrophoretic identification of 
antibody, 642-646 
species specificity, 395-396 
and blood levels of pentoses, in- 
fused, 1383-1393 
and glucagon, 74-80, 887-888* 
for coma termination, 76 
and glucose, periodic alysis, 
attack induction, 3 
and hypoglycemia, 1389 
and ACTH, 543-548 
chlorpromazine, 547 
iodinated, for kinetics of insulinase 
activity, 
membrane transport, 1393 
and sugar, 916* 
molecular weight, 395 
and permeability of muscle mem- 
branes, 938* 
gamma globulin for ing in, 
393-397 


and “a 
in ncreatiz logs, 
1949 


hepatic action, 922* 
Intestine. See Gastrointestinal 


tract 
Inulin 
clearance 
and chloride, 1325 
after and cortisol, 770- 


in hypertension, 1461-1466 
in hypoparathyroidism, 559, 564 
in mannitol diuresis, 631 

oy dietary protein, 635-637, 


and phosphate, 567 

in postural hypotension, 1325 

ratio to urine osmolalities, 1421 

after renal artery cuff inflation 
water diuresis, 1416- 


and vasopressin, 1422 
and renal reabsorption of phos- 
phate, 551-555 
and sodium, 1466 
in Wilson’s disease, 1108-1109, 


1112 
and probenecid, 1110, 1113 
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distribution relative to chloride 
and sodium, 
sequestration of, 345, 


Iodide, binding by diaphragm, 807 
3-Iodomercuri-2-hydroxy-propane, 
658, 664-665 
Iron 
absorption and accumulation in 
hemochromatosis, 314-324 
“mucosal block,” 324 
deficiency 
after ferrous sulfate therapy, 838 
hemoglobin As separation, 1621 
in hookworm infection, 1188 
iron-containing enzymes in, 874* 
in cer hemosiderosis, 


erythrocyte, handling by reticulo- 
endothelial cell, 875-876* 

metabolism, in anemia of rheuma- 
toid arthritis, 1043-1056 

plasma, utilization, and nitrogen 
mustards, 874* 

sensitized red cells, 


serum concentration 
and half time of plasma clear- 
ance, 1 
and intake in siderosis, 1723- 
1725 


and rate of red cell uptake, 1048 
Isoleucine 
and nitrogen balance, 1647-1655 
plasma content, 1228, 1673-1677 
after surgery, 1677 
uremic, 1229-1231 
Isoniazid 
inhibition of kynurenine transa- 
minase, 1606 
and pulmonary tuberculosis, 926* 
and — metabolism, 1600- 


Isopropylnorepinephrine, _cardio- 
vascular effects, 883* 


J 
Jaundice 
and — copper concentration, 


obstructive 
bile acid content of serum and 
urine, 533 
and cholangitis, 714 
cholesterol levels, 
lipoprotein spectrum, 713-720 
hepatic. and cortisone, 1370- 


serum, 533 
bilirubin, 1370-1371 
dihydroxy bile acid, 537 
oint 


diseases, citric acid metabolism, 
* 
fluid, thyroxine-binding by, 28 


K 
Keratoconjunctivitis, epidemic, 905* 
Keratoconus, albumin metabolism 

and thyroid, 423 
Keto acid, metabolism, 361-371 
ees acids, plasma binding, 


Ketoglutarate, and glutamic acid, 
709-711 


Ketone acid, and ammonia metab- 
— in liver disease, 361- 


3 
Ketone bodies, and metabolic aci- 
dosis, 1126 
17-Ketosteroids 
and adrenal dysfunction, 1732-1733 
in poliomyelitis, 949 
and gonadal steroids, 997-1000, 
1006, 1013, 1015 
urinary, 760-763, 765, 949 
stress, 956 


ey 
artery clamp and diuresis, 1423- 
1425 


clearance 

and acid conjugation, 537 

and ethanol, 1203, 1205 

of pepsinogen, 1177, 1180 

of ge and urine flow, 
in coarctation of aorta 

and plasma flow, 1542 

vascular resistance, 1539 
-oncentration 

and dietary protein, 630, 635-640 

of mercury compounds, 660-668 

process, 
copper concentration in Laennec’s 

cirrhosis, 1212, 1215 
age 

in osteolytic disease, 887* 

and protein turnover rates, 358 
disease 

arterial occlusive, 885* 

in erry and pre-eclampsia, 


and renal transport of hemo- 
globin, * 
and urine composition, 885* 
endotoxin uptake, 
excretion 
of concentrated urine 
occlusion, 1419- 


in thirsting rats, 436 
of radiostrontium, 
failure, 99 
acute, 132 
casts, 148-149 
fibrinoid deposits, 608 
glomerular, 697 
fluid balance maintenance, 127 
and hydration, 629-633 
function, 1112-1113 
and calcium infusion, 576 
and di-sodium ethylenediamine- 
tetraacetic acid, 570 
in hypertension, 1460-1468 
nie of disease for study, 


and mercury compounds, diuretic 
properties, 65 

and necrosis, 914-915* 


and sodium, 303-308, 1460-1468 
and tubular necrosis, 914~-915* 
and urine composition, 885* 
in Wilson’s disease, 1107-1113 
and probenecid, 1110, 1113 
hemodynamic responses to norepi- 
nephrine, 89-96 
coarctation of aorta, 


| 
| 
Inosine, and erythrocytes 
| 
J 
| 


iso-osmotic level of freezing point 
de in boiled 


lesions in epidemic hemorrhagic 
fever, 99-223 
anoxia, 120, 176 
Bowman’s space, 148-149, 154- 
155, 192 
circulatory collapse, 110-112, 
128-129 
convolution 
distal, 148-149, 188- 
191, era 218-219 


proximal, 143, 146-149, 
153-159, 192-195, 
202-205, 216 


cortex, 120, 138-159, 206 
dilatation, 134-135, 154-155 
epithelium, 156-157 
gram positive droplets, 142- 


143 
hernorrhage, 146-147 
surface scarring, 160-161 
ducts of Bellini, 148-149, 152- 
153, 220- 223 
renal failure casts of Addis, 
144-145, “ie 
104, 105, 
of of Henle” 168-180, 184- 


in 
fibrosis, 161 
150-151, 156-157, 


necrosis, 154-155 
nephron, rates 111-112, 119, 
27, 162-172 


dilatation, 120, 126, 148-151, 
158-159, 192-197, 216-217 
papilla, 144-145, 148-149, 152- 


phases 
99, 126-127 
diuretic, 99 121-127, 129, 154- 


161 
febrile, 100-102, 110-111 


99, 108, 112-117, 
129-130, 140-141, 144-149 

99, 117-121, 129-132, 
48-155 


prehemmorhage, 101-102 
and pulmonary edema, 107-108 
140-142 


resumé of findi 128-132 
tubules a 21, 124, 127- 
12, 1 152, 156, 176-187, 


collecting, 114, 123, 127, 128, 
188-191, 206-214, 220-221 

degeneration, 146-147 


edema, 136-137 

fibrosis, 126, 156--161 

necrosis, 99-100, 114, 122, 128, 
148-155, 186 

proliferation, 122-123, 154- 


thickening of basement mem- 
brane, 156-157 
perfusion of blood, in vivo, 812 
plasma albumin clearance in pro- 
teinuria, 426 
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reabsorption 
of norepinephrine, 94 
of phosphate, 
after sodium loading, 307-308 
in respiratory acidosis or alkalo- 
sis, 51/- 
sensitivity, to antidiuretic hor- 
_ mone, 776, 1425-1426 
serial biopsy in toxemia of preg- 
nancy, 
serotonin after 5-hydroxy- 
typtophan, 1595 


um 
and aldosterone, 693 
excretion, 1462-1468 | 
stone formation and urinary oxa- 
late excretion, 882* 
transport 
of glucose, 879* 
hemoglobin, 908* 
tubules, 914-915* 
and vasopressin activity, 1067 
Kimmelstiel-Wilson disease, bile 
acid in serum and urine, 531 
Klinefelter’s syndrome, and cho- 
rionic gonadotropin, 909* 


Kwashiorkor, liver, biochemical 
changes, 15 586 
Kynurenic acid, and tryptophan, 

1601-1604 
Kynurenine 
conversion to anthranilic and 


kynurenic acids, 1602 
and tryptophan, 1601- 1604 
Kyphoscoliosis, and pulmonary dif- 
fusing capacity, 13-16 


L 


Lactate 
blood levels 
after pentose infusion, 1398-1399 
in periodic paralysis, 734-735 
and metabolic acidosis, 1126 
muscle production in forearm, 728 
and D-xylose, 1399 
Lactonase, in ribose-1-C1* phos- 
phate production, 1411 
Lactose 
absorption, by intestine, 1526, 1534 
dietary, intolerance in galactose- 
mia, 
Laennec’s cirrhosis. See Cirrhosis 
Lanatoside C, in aortic-caval fis- 
tula, 335-339 
Leishmaniasis, radiochromium ex- 
cretion, 1186 
Lergigan®. See Promethazine 
Leucine 
and nitrogen balance, 1647-1655 
plasma levels, 1228, 1674-1677 
after surgery, 1677 
uremic, 1229-1231 
and unesterified fatty acid con- 
centration, 814 
Leukemia 
aleukemia, plasma erythropoietin 
activity, 896* 
erythrocyte survival, 1471, 1473 
glucose tolerance, 254-263 
hemoglobin Ag isolation, 1621 
heparin-precipitable plasma frac- 
tion values in, 612 
leukopenic, guanosine infusion, 432 
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lymphocytic, 229, 256-258, 
1471, 1473 


and splenectomy, 1479 
methotrexate sensitivity in 6-mer- 
captopurine sensitivity, 887* 
myeloblastic, 229 
myelogenous, 256-258 
vitamin By, serum activity, 18, 
904*, 915* 


psychological factors, 895* 

vitamin Bis metabolism, 18-24 
Leukocytes 

during anaphylaxis, 1118 

in necrotic areas, 


hypersensitivity, in homotrans- 
plant recipient, 411, 416, 419 

labeling with radioactive diisopro- 
pylfluorophosphate, 870* 

levels and destruction in immune 
hemolysis, 904* 

and ew breakdown in spleen, 


transfer of sensitivity factor to 
nonsensitive recipient, 908- 
909* 


Leukopenia, and immune hemolysis, 
904* 


Levophed®. See Norepinephrine 
Levulinic acid, and erythrocyte 
lysis, 1503-1506 
Linoleic acid, 242 
Lipase, in intestinal content, 1530 
Lipemia 
clearance 
after antikidney serum, 701-702 
in nephrosis, 700-704 
production of alimentary, 
composition for, 
Lipid. me also Fatty acid, unesteri- 


meal 


chromatographic separation, fatty 
acids, 233-243 
fatty acids biosynthesis, 233-243 
and glucose oxidation, 929* 
in non-phospholipid fat in in- 
testine, 1527-1528 
ond lipoprotein transport, 848- 


plasma, 233-243 
in arteriosclerotic plaques, 
932* 
sterol esters, separation of, 
238 


unsaturated, and serum choles- 
terol, 917* 
liver, in kwashiorkor, 1582 
muscle content, 1242-1247 
comparison, in literature, 1246 
after trauma, 
plasma concentration 
in lipoprotein fractions after car- 
bohydrate, 855-859 
in nephrosis, 700-704, 1560, 1561 
in obstructive jaundice 
from Cohn fractions, 


patterns, 
20 
serum concentrations, 715-720 


and fat ingestion, 848-859 
synthesis, and glucose oxidation, 
929-930* 


| 

hypotensive, 104-117, 140-142 
shock, 99, 102, 106-108, 134- Meee 
143, 174-175 ae 

olig 

: 
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Lipid (cont'd) 
triglyceride 
absorption, 1524 
clearing, in pathogenesis of 
nephrotic hyperlipemia and 
hypercholesteremia, 1564 
dietary intake 
lipid and responses, 
848-859 


and obesity, 81-88 
in poliomyelitis, 945 
components of, 233- 


in weight gain, 81-88 

Lipoprotein, plasma 

“alpha” levels, in metatastic car- 
cinoma, 720 

beta, es of methods, 1363- 


concentration 
and biliary obstruction, 714-720 
and eens cholesterol, 713- 


and weight gain, 86 
fractions 
after ingestion, 
after glucose, 
mobility, 849° 
nomenclature, 849 
Sf ane nephelometric method, 


jaundice, 


synthesis, by liver, 720 
ultracentrifugation, 713-720, 849- 


acid, plasma binding, 


Liver 


albumin production and thyroid 
therapy, 426 

biliary and enteric circulation of 
in women, 1266- 


blood flow rate, in coarctation of 
aorta, 1540-1541 
carbohydrate retention and _ tol- 
utamide, 922* 
carcinoma 
lipoprotein spectrum, 716-717 
chloride, intracellular in, 343, 350 
cholesterol 
esterification, 720 
and thyroxine and triiodothyro- 
nine analogues, 885* 
chromium" trapping 
in hemolytic anemia, 1470-1485 
cirrhosis. See Cirrhosis 
copper concentration, 1212-1215 
and cortisone 
conversion to cortisol, 1309 
disappearance rate, 1308 


sease 
adrenal cortical function, 920* 
and ammonia 
metabolism, 361-371 
production, 1654 
uptake and release, 362-371 
keto-acid metabolism, 361-371 
obstructive, bile acid conjuga- 
tion with glycine and tau- 
rine, 534-53 
fibrinogen levels, 614 
and D-ribose, 899* 
serum bile acid content, 530-537 
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endotoxin uptake, 696-699 
fetal, synthesis of plasma protein 


function, in obstructive jaundice, 
716-717, 720 

release, age differences, 


glycogen formation, 1279-1283 
and incompatible erythrocytes, 
1430-1433, 1456-1457 
injury due to drug toxicity, bile 
acid content of serum, 
insufficiency, and metabolic aci- 

dosis, 1126 
insulinase inhibition and insulin- 
binding antibody, 648-655 
inulin and sodium space in, 348 
iso-osmotic level of freezing point 
depression in boiled tissues, 
869-87 


0* 
in kwashiorkor, 1579-1586 
autopsy findings, 1584 
at’ uptake and binding, 661, 
rates measured, 


rubidium” trapping and norepi- 
nephrine or vasopressin, 
482-483 


serotonin levels after 5-hydroxy- 
tryptophan, 1595 

siderosis and iron intake, 1723- 
1725 

temperature response to histamine, 
1286-1293 

and Dilatol® or promethazine, 

1290 


tocopherol metabolism in carbon 
damage, 1627- 


vitamin Bi. uptake, compared to 
plasma, 1554-1556 


ung 
asbestosis, 871* 


blood volume in heart disease, 
901* 


carcinoma 
glucose tolerance, 256-25& 
carcinomatosis, electrophoretic and 
gel diffusion of sputum, 877* 
circulation 
and acetylcholine, 671-672, 674 
and epinephrine, 670, 673, 674 
and 5-hydroxytryptamine, 
and norepinephrine, 670-671, 
673-674 


compliance, 1680-1686 
and arm immersion in ice water, 


63-64 
after G suit inflation, 61 
and hexamethonium, 62 
in infant, 444 
and an atrial pressure, 1710- 


in neonatal respiratory distress, 
447-448 
and norepinephrine, 63 
and type of breathing, 1684 
engorgement, 60- 


and air-flow resistance, 


diffusing capacity, 922* 

and carbon monoxide, 1-16 

in chest disorders, 

in newborn, 1081-1090 

and position of 
endotoxin uptake, 696 
hemosiderosis, 
heparin-precipitable plasma frac- 

tion values in conditions of, 


612 
in hypoxia, 1566-1571 
iron uptake in pulm 
siderosis, 1150-11 
mechanical behavior 
and anesthesia, 1708-1714 
in elderly persons, 1680-1687 
ae uptake and binding, 661, 


in respiratory ole 1566-1571 

rubidium™ —-483 

stiffening of, in "congestive heart 
failure, 59 

transpulmona pressure, 1680- 
1687, 1709-1712 

and clastic properties of thorax, 
vascular resistance and left atriai 


pressure, 673 
a responses to drugs, 669- 


vital capacity, 1682-1686 

and oscillating bed, 990, 993 
volume 

in chest disorders, 13-16 

effects of variation on diffus- 
ing capacity, 6 

and pressure relation, 1682-1683 

work, in newborn infants, 442- 


Lupus erythematosus 
disseminated 
and cortisone, 611 
erythrocytes life span in, 1471- 
73, 1481 
serum hexosamine and protein 
content, 52-55 
wah nucleoprotein reaction, 890* 
Lymph 
oar lymph node homotransplan- 
th Pa ding, 28 
yroxine binding, 
Lymph nodes 
homotransplanted, 


tein synthesis by, 405-419 
findings, 408-409, 414, 


Lymphocytosis, typical, after 
node 


Lymphoma 
metabolism, 916* 
lucose tolerance in, 754-763 
heparin-precipitabl ble plasma frac- 
tions, 612 
hepatic, ammonia metabolism, 362 
psychological factors, 895* 
ymphosarcoma 
electrophoresis of red cells, 229 
glucose tolerance, 258 
Lysine 
and nitrogen balance, 1647-1655 
plasma 1228, 1674- 


dia surgery, 1677 
uremic, 1 1231 


Lyxose 
and ‘and blood slucose, 1398 
and insulin, 1386 
metabolism, 1384-1405 
pathways, 1404 
sprce calculation, 1392 
configuration, 


Macroglobulinemia, physio-chemical 
and immunologic studies, 


456-466 
Macroglobulins, 458-466 
in hemolytic anemia, 891* 
Magnesium 
concentration 
in muscle, 1242-1247 
comparison of literature, 1246 
in osteolytic disease, 887* 


flame-spectrometric method in 
renal failure, 933* 
and plasma 
calcium, 831 


cation-depleted, 599-603 
heparinized fractions, 602 
vivax, acute, capillary 
studies, 1 
Malic acid, and erythrocyte lysis, 
1503-1506 


Malignancy. See Cancer 
Mannitol diuresis 
and dietary protein, 636-640 
and hydration, 631 


Mannose, 1402 
ene raction values in, 


Measles. lasma 
fraction values in, 61 
Melee, hemorrhagic 

Meningitis 
heparin-precipitable plasma frac- 
tion in, 612 
tuberculous, sialic acid tests, 452 


Menorrhagia, and Stuart factor 
Meperidine,” acid-base balan 
e, an ce, 
1123, 1128 
Me 


eralluride 
in heart failure, 388-389 

structure and activity, 658 
Mercaptomerin, and renal clear- 
ance of phenobarbital, 1221 


sensitivity to, 


Mercury, diuretic activity and struc- 
ture of compounds, 
and synthesis, 


, 662 
Mesobilifuscin, fecal, anabolic sig- 
nificance, 
etaplasia, myelo 
vitamin Biz, 
uric acid degradation, 1512 
Methionine 
and erythrocyte lysis, mes 
and nitrogen balance, 1647-1655 


, 1677 
1231 


after surge 
uremic, 1 
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sensitivity to, in 6- 
mercaptopurine sensitivity, 


essure in acute hy- 
pervolemia, 1322 
and sodium excretion in ortho- 
static hypotension, 1324 
syndrome, and hyper- 


calcemia, 899* 
Mitochondria, adrenal 11-8-hydroxy- 
lase, 932* 
Mitral valve 
disease 
gallop rhythm, 902*, 1036-1037 
hemodynamics, 876*, 917* 


insufficiency, 876*, 1036-1037 
antigen reaction, 795 
indicator-dilution curve in diag- 

nosis, 937* 
and cardiac pumping capacity, 
915-916* 
and pulmonary diffusion, 13-16 
Moniliasis, after lymph node homo- 
transplant, 
Mononucleosis, infectious 

and capillary 
injury, 896* 
studies, 1689 

urine flow rate, 918- 


Mucopolysaccharides 
serum acid, 875*, 1329-1331 
uronic acid, 875* 
in arthritis, 1516- 


M 
plasma 
in nephrotic syndrome and after 
diuresis, 609, 613 
in rheumatic fever, 610, 613 
serum, colorimetric procedure for, 
452-454 


and sulfuric acid reagent, 451- 
452 


umps 
cellular damage, 893* 
heparin-precipitable plasma frac- 
tions, 6 
Muscle 
analysis of components, 1239-1247 
in diseases, 1242 
cation accumulation, 346, 350, 
99-1255 
order of preference, 1253-1255 
cesium, rubidium, and potassium 
ratios, 1253-1255 
and dietary cesium, 1251, 1254 
chloride, intracellular, 343, 350 
glycogen formation, 1279-1283 
extracts, nucleotide metab- 
olism, 1572-1577 
injury, calcification after, 825-831 
hydrochloric acid, 830 
and parathyroid, 830 
and phosphate, 829, 831 
and sodium bicarbonate, 830 
membrane permeability in- 
sulin, 938* 
in a family paralysis, 730- 


pharyngeal constrictor in swallow- 
ing, 591-595 
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movement, 723-736, 879- 


potassium rubidium and cesium 
ratios, 1253-1255 
psoas, copper concentration, in 
cirrhosis, 1212, 
rubidium, cesium and potassium 
ratios, 1253-1255 
rubidium™ uptake, 
sodium, intracellular, 346, 350 
strength, 953-962. See also Polio- 
myelitis 
thyroxine and 
binding, 
tongue, in dysphagia, 595 
uterine, serotonin content, 1598 
Myasthenia gravis, and swallowing 
dynamics, 590-595 
Mycobacteriophage, and mycobac- 
teria, in vivo, 906-907* 


Myelofibrosis 
erythrocyte distribu- 


triiodothyronine 


radiolabeled 
tion, 1471-1472, 1477 
and splenectomy, 1479 
Myeloma, 888*, 1441 
erythrocytes 
destruction, 1441 
electrophoretic pattern, 229 
hemoglobin Az separation, 1621 
serum a urine proteins, 352-359, 


Myocarditis 
idiopathic, plasma hexosamine and 
protein content in, 55 
and right-sided summation gallop, 
1038-1039 
Myocardium 
and adipose tissue fatty acid trans- 
port, 811-814 
metabolism, and 895* 
oxygen consumption and coronary 
blood flow, 1101-1106 
and — potassium exchange, 


rubidium™ uptake, 468-477 
Myoclonus, viral, 912* 
Myxedema. See also Hypothyroid- 


ism 
ground substance, 891* 
anti” clearance of corticosteroids, 


and thyroid therapy, 426 
thyroxine degradation, 31, 931* 


N 


Naphthalene, and glutathione me- 
tabolism of erythrocytes, 
938-939* 

Narcosis, carbon dioxide, prevention 

inization, 928* 

Necrosis 

aseptic, of head of femur in sickle 
cell anemia, 
renal tubular function, 914- 


epidemic hemorrhagic fever, 99- 
100, 114, 117-122, 128, 148- 
155, 186, 212-215 

and uptake, 697- 


Neoplasm. See Cancer 
Nephrectomy 
calcium of plasma after, 826-827 
inulin space after, in rat, 348 


ike 
hte 
> 
| 
| ig 
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Nephritis, hemoglobin A: separa- 
erosis, arterio 
erythrocyte life span, 676-679 
renal function and urine composi- 


and lipemia clearance, 700-704 
turnover study, 358 
heparin-precipitable plasma frac- 
rlipidemia, 
function, 872* 
plasma lipid changes, 1558-1564 
daa binding in, 28, 1333- 


Nervous system 
autonomic 
hexamethonium blockade, 864 
sodium and water excretion, 
1319-1327 
central, and venous tone, 65-66 
Neuroblastoma, heparin-precipitable 
plasma fraction values in, 


612 
Neutropenia 
and antibody utilization, 416 
after lymph node homotransplant, 


Newcastle disease, and encephalo- 


a-amino plasma, and renal reab- 
sorption in Wilson’s disease, 
1108, 1113 


balance 
and arginine, 1653-1654 
after cortisol and _ triiodothyro- 
nine, 1314-1317 
in hypoparathyroidism, 569-571 
and intravenous synthetic 
acid mixture, 1648-164 
and ammonia in 


content, of tissue slices, 29 
cortisone versus DCA effect in 
rats, 1297- 
dietary intake, 945-951, 954-961 
and renal concentrating ability, 
635-640 


incorporation into myeloma pro- 
tein, 355, 358 

intolerance, after portacaval anas- 
tomosis, 367 

mucopolysaccharides i in rheumatoid 
arthritis, 1518 

in muscle composition, 1242-1247 

after trauma, 


6-83 
poliomyelitis balance, 


942-962, 
1019-1023 
and combined steroid therapy, 
1015-1016 


and estradiol, 997-999, 1001 

fecal, 1019-1023 

and intake, 945-951, 954-961, 
1019-1023 

and oscillating bed, 983-987 
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and ratios, 950, 957-958, 
and 996-1000, 1010- 


urinary, 986, 1000, 1001, 
1019-10 
tendon 
urea, 355 
in epidemic hemorrhagic fever, 
99-100, 118 
in uremic plasma, 1230 
deprivation, 436, 


Nitroglycerin 
and coronary circulation, 895* 
and hypotension, 1325 
and myocardial metabolism, 895* 
3-Nitromercuri-2, 3-dehydro-1-hy- 
droxy-propane, 658, 662 
Nitrous oxide, and acid-base bal- 
ance, 1123, 1128 
Nonesterified fatty acids. See 
Fatty acid, unesterified 
Norepinephrine, 102, 116 
and capillary responses 
to epidemic hemorrhagic fever, 
1694-1698 


to infectious illness, 1689 
cardiac responses, 


6 
and cocmmeay blood flow, 472-477, 


and hemoglobin excretion, 89-96 

and myocardial uptake of radio- 
abeled rubidium, 468-483 

plasma concentration, 892* 

pressure-volume after, in forearm, 
1663, 1667-1670 

and pulmonary circulation, 670, 
673-674 

and vasodepressor response, 63-65 

anabolic effects, 


Nucleoprotein, and lupus serum re- 
action, 890* 
Nucleosides 
and osmotic resistance of erythro- 
cytes, and age of cell, 903* 
phosphorylase, 430 
phosphorylation, 1572 
Nucleotides 
pyridine, in liver autopsy findings, 
1584-1585 
synthesis of purine, in heart mus- 
cle extracts, 1572~1577 
Nutrition 
and amino acid plasma cree 
tion after 1677 
in hepatic siderosis, 1723 
in poliomyelitis, 945, 983, 985 
satiation, and responses in mice, 
1638-1 


and serum cholesterol, 81-88 
and tolerance, 1629, 


Obesity 
development of, 81-88 
and in mice, 


Oophorectomy, and meee re- 
sponses in mice, 1638-1641 
Orinase®. See Tolbutamide 


Ornithine 
and blood ammonia, 1650, 1652 
plasma concentration, 1674-1677 
Oscillating bed, in poliomyelitis, 
982-993 
Osteitis deformans 
calcium metabolism, 578-580 
and hyperparathyroidism, 893-894* 
serum electrophoretic pattern, 925* 
strontium metabolism, 681 
Osteomalacia 
in Wilson’s disease, 1108, 1113 
Osteoporosis 
and calcium loss, 968-969, 973 
developmental evidence, 971, 
976-977 


strontium metabolism, 681 


xygen 
arterial, 271-274, 734, 844-846 
unsaturation, and sickle cell 
anemia, 905-906* 
arteriovenous difference 
and age, 1133-1136 
after hexamethonium, 861 
and ammonia it cirrhotics, 


clearance of cyanosis after alka- 
by gastrodialysis, 


consumption 
and cardiac capacity in mitral 
stenosis, 915-91 
in of aorta, 1540- 


and coronary blood flow, 1103- 
1106 


during exercise, 7-8, 1140-1148 
and oscillating bed, $90 
and pean loss from muscle, 


and quinidine, 844-846 
in spontaneous paralysis, 734, 


736 
acid, 
and glutathione, 620- 


retinal venous blood 
meatis 


in anesthetized patients, 1123 
tension 
and pulmonary diffusing capac- 
ity, 7-10 
and viscosity 
of sickle cells, 836, 
act whole blood, 84 842 


and pulmonary dif- 
fusing capacity for carbon 
monoxide, 1083-1092 
Oxyhemoglobin, and er 
_ glutathione, 620, 624, 6. 
ine, and erythrocyte lysis, 
1503-1506 
and hypotension, 1325 


P 
Paget’s Disease. Sce Osteitis de- 
ormans 
turnover fates of, 


Pancreas 
carcinoma 
and lipoprotein pattern, 716-718 


- 
Nephrosis 
albumin 
1341 
i 
q 
409 
myelitis, 912* 
Nicotinamide, and erythrocyte q 
hemolysates, 623, 626 
Nicotinic acid, tryptophan metabolic 
| 
| 
] 
{ 
242 


protein is rates measured, 
removal, and tolbutamide potentia- 
tion of insulin, in dogs, 
1546-1549 
vitamin Bis uptake by, 22 
Pancreatitis 
electrolyte secretion and acetazol- 
amide, 905* 
and glutamic acid, 707 
Para-aminohippurate clearance 
after cortisone and cortisol, 770 
in hypertension, 1461-1468 
and sodium excretion, 1466 
in hypoparathyroidism and para- 
thyroid extract, 559, 564 
after norepinephrine, 90-96 
and phosphate, 551-555, 557 
after renal artery obstruction and 
water diuresis, 1416-1419, 


1423 
in — disease, 1108-1109, 


Paralysis. See also Poliomyelitis 
familial periodic and potassium 
movement, 730- 


of — constrictor muscle, 


Parathyroid, in hypoparathyroidism, 
and renal function, 557-571 
Penicillin 
resistant staphylococci mediation 
by penicillinase, 879* 
and type 14 streptococcal infec- 
tions, responses 
antibody, 1 
antistreptolysin O, 1096-1097 
e, and penicillin resistant 
staphylococci, 879* 
Pentobarbital, and aldosterone se- 
cretion, 692-693 
Pentose 
rate from plasma, 


and insulin, 889* 
disposition and metabolic fate of 
A 
sphate thw: in ribose me- 
tabollam, * 1408-1414 
Pepsin, fase output, 1174, 1178- 


Pepsinogen thesis, 932* 
after ac TH and adrenocortical 
steroids, 1176-1181 
Pericholangitis, lipoprotein spec- 
trum, 716-717 
and functional dysphagia, 


pene sedimentation rate, 609 
plasma frac- 
tions, 609, 612 
after a node homotransplant, 


of swallowing, 
in dysphagia, 589-595 
Phenergan®. See Promethazine 
Phenobarbital, distribution and ex- 
cretion, 1217-1225 


Phenolic steroids. See Estrogens 
Phenothiazine. See Promethazine 


SUBJECT INDEX TO VOLUME XXXVI 


Phentolamine, and venous pressure- 
volume responses after epi- 
1668-1669 

lobi phenyl 

oglobin in yl- 
ketonuria, 1343-1348 
and nitrogen balance, 1647-1655 
plasma 1228, 1674- 


after surgery, 1677 
uremic, 1229-1231 

Iketonuria, amino 


1 
rae iron absorption after, 


Phlorhidzin, and sugar transport 
across muscle cell mem- 
brane, 916* 

Phosphatase, 
electrophoretic studies, 924-925* 
plasma in obstructive jaundice, 716 
ue poliomyelitis, 968-970, 


and gonadal steroids, 997-999 
Phosphate 
excretion, 558, 560, 576, 578 
after carbon dioxide inhalation, 
519, 521, 527 
in hyperventilation, 518, 520, 527 
glomerular filtration rate in diure- 


sis, 564 
hypotonic buffer, pH and hemoly- 
sis in, 149° 
ion, after muscle trauma, 829, 


and iron absorption, 323-324 
metabolism, and calcium, 573-580 
in synthesis pathway, 


plasma concentrations, 576, 580 
after muscle trauma, 826-831 
renal reabsorption 
in hypothyroidism, 550-571 
in parathyroid disease, 550-580 


serum concentration, 436-437 
in malignant disease, 261-263 
in Wilson’s disease, 1109, 1113 


Phosphaturia, after parathyroid 
therapy, 565 
6-Phosphogluconate, oxidation to 2- 


keto-6-phosphogluconate, 
624, 626 


24, 
6-Phosphogluconic dehydrogena- 
ont and erythrocyte aging, 
3-Phosphoglyceric acid 
and erythrocyte lysis, 1503-1506 
in synthesis pathway, 


Phosphoketopentoepimerase, 
phosphate 


Phospholipid 
concentration 
intestinal, 1531-1534 
in obstructive jaundice, 718-719 
fatty acid components of, 233-243 
plasma, and total cholesterol in 
nephrosis, 1562-1564 
serum content 
after fat ingestion, 850-853 
after glucose, 857 
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5-Phosphoribosylamine, in nucleo- 

tide synthesis a 1572 
5-Phosphoribosylpyrophosphate 

in synthesis pathway, 


reaction with adenine, 1574-1575 
Phosphorus 

aluminum gel and absorption, 571 

concentration 

in bone, 348 

in muscle, 1242-1247 
dietary, 945, 983 : 

and reabsorption, 552- 


in hypoparathyroidism, and para- 


extract, 562, 569- 
metabolism alterations during an- 
esthesia, 
in poliomyelitis 


968-970, 979, 1023-1027 
dietary intake, 95, 1023-1027 
excretion, 978, 1023-1027 
and gonadal steroids, 997-999, 
1001-1002, 1006, 1015 
and oscillating bed, 983 
urinary excretion, 562, 1023-1027 
and aluminum gel, 569-571 


901* 
Pitressin See Vasopressin 
Placebo, pharmacology of, 907-908* 


Placenta 
electrophoretic identification of 
proteins, 403 


perfusion studies, 932* 
Plasma 
absorption of vitamin Bu, 18-24, 
1554-1556 


dual mechanism, 884* 
ACTH, after adrenal steroids, 
1701-1707 
ity in Cus $s syndrome, 
1608-1613 
amino acid concentration unbound, 
672-1679 
ceruloplasmin release, re- 
versibility, 1 
cholesterol levels and _ intestinal 
excretion, 898* 
chondroitin sulfate, 


constituents, 1122 
and acetazolamide, 920-921* 
in acidosis, 374-381, 1127 
and aldosterone excretion, 758- 
760, 764-765 
and cation depletion, 599-603 
in alkalosis, 1250- 


in hypoparathyroidism, 550-571 
in myelogenous leukemia, 22-23 
and anne 472, 476, 


and muscle uptake, 723- 


after sodium loading, 
of uremic, 1228-1 

corticosteroid 881-882* 
to ACTH, 1612 


chiorpromazine, ! 5 
and cortisol, 67-73, 1351, 1353 
and cortisone, 3.1303, 1310 


Phe 
| 
aE af 
831 
ere 
t 
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Plasma (cont'd) 
endotoxin uptake, 696 

factor in lethality, 900* 
erythropoietin activit: , 896* 
estradiol or estrone, 1271 
and gastrointestinal exchange 


acid, 380 
chloride, 284-287 
deuterium oxide, 292- 
1Z72, 1351, 
hematocrit, after red cell exposure 
to dextrose, 886* 
hemoglobin 
after anti-D sensitized red cell 
injection, 1442-1443 
after norephinephrine, 90-96 
fractions, 596— 


histamine and serotonin release 
after amine injection, 1118 
after egg albumin and horse 
serum, 1116-1117 
hypoxanthine/inosine ratio of 
stored blood, 430-431 
and insulin binding, 512, 652-653 
iron 
in pulmonary hemosiderosis, 
1152-1155 
in rheumatoid arthritis, 1044- 


utilization, 874* 
lipids 
and antikidney serum, 701-703 
fatty acid separation, 233-243 
maternal, and umbilical, 1353-1354 
cortisol content, 1351, 1359 
mercury concentration and diuretic 
responses, 659-668 
osmolality, after renal artery oc- 
clusion water diuresis, 
1416-1419 
pepsinogen, gastric secretion, 


pH, 374, 377, 379 
and arterial oxygen saturation, 


272 
and phenobarbital, 1220, 1222, 
1224 


phoephete, 575-580 
infusion, 552-555 
after muscle trauma, 831 
and urinary excretion, 571 
protein 
and aorta, spleen and vena cava 
erythrocytes, 1451 
and cholanic acid, 538-542 
— fractionation, 642-646, 


and liver insulinase activity, 651- 
655 


synthesis, measured, 417 
in fetus and placenta, 398-403 

and thyroid therapy, 423-427 

thyroxine binding, 

renal flow, 551-555 

in — of aorta, 1540- 

in hypertension, 1461-1468 

after norepinephrine, 90-96 

and sodium excretion, 1461- 

1463, 1468 
in Wilson's disease, 1108-1109, 


13 
and probenecid, 1110 
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ing” 
in epidemic hemorrhagic fever, 


in infectious diseases, 1694, 1697 

steroid concentration, time factor, 
after administration, 67-73, 
1306 

storage of extracts, 225-231 

streptokinase level and fibrinolytic 
effect, 

thyroid hormone complex, 1487 

in hepatic diseases, 


unesterified fatty acid, 810-814, 
890* 


volume, 304, 307, 1541 
dextran expansion, 1160-1168 
and obesity, 84 
in postural hypotension, 1321 


Platelets 


in anaphylaxis, 1118-1119 

correction, in familial hemophilia, 
878-879* 

in epiderric hemorrhagic fever, 99- 

immunoreaction model in quinidine 
purpura, 929* 

preservation, carbohydrate metab- 
olism as measure, 878* 

transfused, radiosulfur in study of 
hemostatic activity, 881* 


Pneumonia 


forearm circulation in, 246 
hexosamine and protein serum 
content in, 52-53, 55 

lobar 
ammonia metabolism, 362 
capillary studies, 1689 


Poisoning 


carbon tetrachloride, ammonia 
in hepatic coma, 


lead, hemoglobin Ag isolation, 1621 
phenobarbital, 1224-1225 


Poliomyelitis 


albumin metabolism in, 423 
dysphagia, and swallowing, 589- 


paralytic acute a:.terior 
ambulation, 961, 978 
atrophy, 957-958, 962 
derangements, 987- 


denervation, influence, 975 
disease phases 
acute, 943, 946, 967-974, 983 
chronic, 943, 954-955, 974, 
949- 
convalescent, 
954, 967-974, 983, 989-990, 


1001-1004 
convalescent early, 987-988, 
and dietary intakes, 944-945 
stress periods, and ACTH, 975 
and gonadal steroids, 995-1016 
1002-1005, 1015- 
immobilization, 975-977 
Lovett method examination, 1027 
metabolic studies, 941-1033 
basal rate, 990, 992, 1008, 
1014, 1016 
calcium, 966-979, 995-1016 


creatine, 941-962, 995-1016 
phosphorus, 966-979, 995-1016 
nitrogen, 941-962, 995-1016 
itis, heparin-precipitable 
plasma fractions, 608-611 
Polycythemia 
and hypoxia, 273 
and diffusing capac- 
ity, 1 
splenic tapp ing of red cells, 
1472, -1478, 1480-1481 
Polydipsia, a parathyroid ther- 
apy, 
ccharides 
connective tissue, counterion 
binding by anionic, 1721 
protein ratio, in rheumatoid arthri- 
tis, 310-312 
Posture 
cardiac output responses and 
atropine, 1656-1662 
circulatory reactions in poliomye- 
litis, 987- 
effect on swallowing, 586 
hypotension, and renal responses 
po chloride, 1322- 


and lung diffusing capacity, 6-11 
Potassium 
absorption, intestinal, 732 
in acidosis, 37 1 
and aldosterone, 384-391, 757-765 
balance 
after cortisol and triiodothyro- 
nine, 1314-1317 
in hydropic patients, 784-791 
and hypertension, 1295, 1298- 
1299, 1461-1465 
in hypocalcemia, 435-437 
and intracellular fluid, i251- 
1252 
fof steroids, 1007, 
101 


and intake, 945, 983, 1008 
binding by of carti- 


e, 
chloride 
and chondroitin sulfate, 1717 
and methyl chondroitin, 1720 
depletion, 757-765 
exchangeable, correlation and ref- 
erence standards, 1375-1381 
excretion, 397, 1461-1465 
and cortisol, 769-778 
and cortisone, 768-769 
and ethanol, 1203, 1205 
maintenance during sodium diu- 
resis, 882* 
in respiratory acidosis or alka- 
517-518, 320-821, §25- 


in water diuresis and renal 
; artery occlusion, 1423 
in contents, 294- 


and hyperkalemia, 384, 387, 391 
and hypotonic urine, 918* 
intake, 384-391, 945, 983 
and growth, 435 
iodide, and thyroid, 912-913* 
metabolism and adrenal cortical 
steroids, 872-873* 


movement, 879-880* 
in basal state and during night, 
23-736 


- and calcium deficiency, 880* 
and carbon dioxide, 728-729 
and glucose, 728- 
and lactate, 728 
and oxygen, 727-728 

muscle 
composition, 723-729, 1242-1247, 

1251-1254 


forearm, 723-736 
replacement by rubidium or 
cesium, 1253-1255 
transfer in vivo, 87 
meres turnover rate, 472-473, 


after and vaso- 
ressin, 47 
in periodic paralysis attack after 
glucose and insulin, 733 
in acidosis, 374, 376, 379, 381 
in hypokalemic alkalosis, 1250- 
after muscle trauma. 826-831 
plasma concentration, 758 
and renal nein of phos- 
phate, 551-555 


serum 
and cellular basis for electro- 
cardiographic changes, 
in malignancy, 261-263 
response to cortisone versus 
desoxycorticosterone acetate, 
1296 
and urinary salt-retaining activ- 
ity, 388-391 
sodium and water partitioning, 347 
thiocyanate, metabolism, 912-913* 


Prednisolone 


anabolic activities, 919* 
eosinophil responses, 1172 
and — secretion, 1173-1175, 


and pepsinogen, 1176, 

and hyperbilirubinemia, 1370-1373 
one 

in Addison’s disease, 1705 

anabolic activities, 919* 

Pregnancy 

adrenal weight-maintaining activ- 
ity in plasma, 1611, 1613 

and corticosteroid metabolism, 
1350-1361 

and heart disease, serial cardiac 
output study, 880* 

phenolic steroids, 1267 

plasma heparin-precipitable frac- 
tions in, 613-614 

toxemia of serial renal biopsies, 


Pregnane-3a, 17a, 20a-triol, excre- 
tion in adrenal cortical dys- 
function, 1726-1735 
Pregnane-3a, 17a, 20a-triol-11-on 
excretion in adrenocorti 
dysfunction, 1726-1735 


aortic 
-caval fistula, 336-339 
and coronary blood flow, 1103 
arterial 
and arm immersion in ice water, 
63-64 
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and blood replacement in pos- 
tural hypotension, 1320 
in of aorta, 1540- 


1 
flow relationship, 1542 
and a blood flow, 1103- 
and cortisone versus desoxy- 
acetate, 1296- 


and dextran expansion of plasma, 
1238 


diastolic, 336-339 
_ and stress, 918* 
in myotonica, 593- 
in epidemic hemorrhagic fever, 
100, 111, 113, 128 
deforming effect, 150-151 
and pressor drugs, 113, 1694 
and epinephrine, 670, 673 
and exercise, 1141-1148 
femoral, in coarctation of aorta, 
1540-1541 
and hexamethonium, 62, 861-862 
in hypervolemia, 13. 
and methyl fluorohydrocorti- 
sone, 1321-1322 
in hypoxia and heat stress, 1643 
and norepinephrine, 63, 90-96 
and oscillating bed, 992 
postural responses, and atropine, 
1657-1661 
pulse, 1540, 1543 
and quinidine, 
and renal response to sodium 
chloride, 1464-1468 


trial 
ethonium, 862 ai 
and )-hydroxytryptamine 
and pie sounds, 1038-1043 
and posture, 1660 
pulmonary 
vascular resistance, 673 
ratios, 1710- 


in cardiospasm, 930* 

carotid pulse, 336 

central venous 
after arm immersion in ice 

water, 63 

after G suit inflation, 61, 64 
and hexamethonium, 
and norepinephrine, 63 
engorgement, 60- 


fluid and hydration, 
diastolic-systolic in isolated beat- 
ing heart, 889* 
in — without swallowing, 
esophageal 
and swallowing, 582-595 
in Valsalva maneuver, 5-6 
forearm vein, 1663-1671 
and epinephrine, 886* 
inspiratory, and pulmonary re- 
sponse to age, 1681 
jugular vein and atrial gallop 
ath sound, 1037 
peripheral venous 
and cree secretion, 691- 
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and dextran plasma expansion, 
1234-1235 


eal, and swallowing, 
383, 587, 590-595 
after prostigmine, 593 
plethysmographic and esophageal, 
rf nitrous oxide breathing, 


pulmonary. See also Pulmonary 


artery 
and anesthesia, 1708-1714 
am and left-sided gallop, 


in coarctation of aorta, 1540- 
1541 


and epinephrine, 670, 673 

and exercise, 1138-1148 

flow resistance, 1680 

and norepinephrine, 670, 673 
and shunt, 1263- 


and serotonin, 670, 671 
ant gallop sounds, 1037, 


pulse 

and oscillating bed, 992, 993 

in right heart failure, 1037 
splenic venous, and hexametho- 


nium, 862 
in swallowing, 583-588 
thoracic, in Valsalva maneuver, 5 
and vascular engorgement, 59-66 
ventricular 
in aortic-caval fistula, 336-338 
and gallop sounds, 1038-1043 
volume 
in neonatal respiratory distress, 
444-44 


for pulmonary work determina- 
tion, 
wedged hepatic venous and hexa- 
methonium, 862 
Primaquine, red cell sensitivity after 
acetylphenylhydrazine, 618- 
621, 626-627 


tubular response in Wilson’s dis- 
ease, 1110 
and uric acid in gout, 1509 
urinary excretion of acyl glucuro- 
nides after, 297-302 
Proconvertin, activity, in congenital 
deficiency, 492, 495 
in Addison’s disease, 


Proline 
plasma, 1228, 1674-1677 
after surgery, 1677 
uremic, 1 1231 
Promethazine 
and erythrocyte lysis, 1503-1506 
and hemoglobin electrophoresis of 
stored blood, 227 
and histaminic action, 1290 
and pulmonary vascular response 
to serotonin, 924* 
Properdin system 
antibody to, and erythrocyte hemo- 
lysis, * 
inhibition of bactericidal activity, 
935* 
Prosthesis, in plastic ¢ardiac sur- 
gery, new concept, 892-893* 


| 
: 
x 
- Probenecid 
: 
920* 
Pressure 
| 
& 
| 
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Prostigmine, dysphagia relieved by, 
and swallowing dynamics, 
590-595 


Protein 


binding 
of bile acid, 538, 542 
insulin, 396 
of 1219, 1222- 


223 
thyroxine, 25-36, 923-924*, 1333 
in tissue slice, 
and cholanic acid, 538-542 
C-reactive 
and ACTH, 608 
in rheumatic fever, 453, 613 
degradation, after radioactive al- 
bumin 


denaturation, during iodination 
procedure, 49 
and dermal responses to thermal 
injury, 
dietary intake 
and blood ammonia concentra- 
tion, 364, 371 
in poliomyelitis, 945 
and renal concentrating process, 


and serum cholesterol, 917-918* 
fractions 
ethanol procedure, 642-546, 655 
in diseases, 


fibrinogen-like, 603 
sedimentation pattern, 600 
and insulin, 651-655, 1589-1590 

perchloric acid soluble, 54 
solubility of, 596-603 
hydroxyproline in, after thermal 
injury, 41 : 
intestinal absorption and digestion, 
1522-1534 
lactalbumin and running-activity 
levels in mice, 163 
leakage of into Bowman’s space, 
138-139 


in myeloma 
electrophoresis, 353-354, 888* 
ong, 353- 


isotopic turnover study, 352-359 
in liver in kwashiorkor, 1581-1586 
plasma 

after fat ingestion, 849, 853 

and liver insulinase activity, 651- 


655 

in potassium and sodium deple- 
tion, 764 

distribution in, 


after sodium loading, 306-308 

synthesis in fetus and placenta, 
398-403 

in poliomyelitis 

and gonadal steroids ‘ sparing 
action, 1010-1011 

serum, 951-953 

storage after testosterone, 1011 


serum 
bile acid interaction with, 534 
characteristics of previously un- 
identified, 902-903* 
in diabetes, 897* 
in hemorrhagic fever, 
100 
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and globulin ratio in obstructive 
jaundice, 717 

half-life, 359 

hexosamine ratio, 53 

insulin, 396, 651-653 

in kwashiorkor, 1583 

in nephrosis, 1333 

precipitation with trichloracetic 
acid, 453 

in rheumatoid arthritis, 309 

in wgpomnnd in gouty arthritis, 


after sodium injection, 436 
of thyroiditis, 781 
and thyroxine, 923-924* 
synthesis, 398-403 
antibody, by homotransplanted 
lymph nodes, 405-419 
rates, measured, 417 


urine 
half-life, 359 
molecular weight, 357 
withdrawal therapy and arterial 
ammonia levels, 364-365, 


Proteinuria 
in epidemic hemorrhagic fever, 
99-100, 110, 118, 128 
and ae albumin concentration, 


Prothrombin 
and _—* viper venom, 488- 


serum conversion accelerator con- 
genital deficiency, 492, 495 
time, and oscillating bed, 
two-stage assay, thrombin evolu- 
tion, 487 
Psoriasis, albumin metabolism and 
thyroid, 423 
Pulmonary artery 
carbon dioxide content and quini- 
dine, 844-846 
circulation and acetylcholine, 890* 
congestion in mitral insufficiency, 


diffusing capacity, 13- 


pressure 
and dextran expansion of plasma, 
1234-1238 


and epinephrine. 670, 673 
and exercise, 1138-1148 
and left atrial pressure, 672, 673 
and norepinephrine, 670-671, 673 
wedge, 1234, 1238 
responses to coarctation of aorta, 
1540-1541 


Pulmonary function. See Lun 
Pulsus bisferiens, genesis of, 907* 
Purpura 
quinidine, model for immunoreac- 
tion, 929* 
thrombopenic, hemoglobin Az iso- 
lation, 1621 
Pyelonephritis 
in epidemic hemorrhagic fever, 128 
in gout, hyperuricemic, 1509 
renal function, and urine composi- 
tinn, 885* 
Pyridone, excretion after tryptophan 
ingestion, 1 
Pyridoxine 
hydrochloride excretion, 1601-1602 
and tryptophan, 1605-1606 


Pyrogen, endogenous, in immune 
hemolysis, * 
Pyrophosphates, in nucleotide syn- 
thesis pathway, 1572 
Pyruvate, blood concentration ~ 
after ammonium chloride 
in hepatic coma, 366, 371 
in liver diseases, 367-371 
after infusion, 708-709, 


and nitrogen intolerance after 
portacaval anastomosis, 367 
after pentose infusion, 1398-1399 


Q 


Quinidine 
hemodynamic effects, 844-846 
model, 


R 
Rectum 
chloride content, 284 
metastatic carcinoma liver lipopro- 
tein spectrum, 716-717 
temperature response to histamine, 
1286-1293 


and Dilatol® or promethazine, 
1290 


Rea cell, See Erythrocytes 
eserpine, and satiety responses in 
mice, 1638-1641 


Respiration 
and acidosis, 515-528 
and alkalosis, 515-528 
and 1121-1128, 1708- 


and cellular metabolism, 32 

after chemical burn of tract, 13-16 

in chest disorders, 13-16 

cycle, pulmonary capillary flow 
and gas exchange, 1566— 


1 
and exercise, 1140-1148 
in giraffe, 919* 
and G suit inflation, 61-66 
in hepatic coma and sleep, 924* 
in hypoxia 
altitude and shunt, 270-277 
and heat stress, 1643 
in poliomyelitis, 944 
in pulmonary emphysema, 891- 
892* 


pulmonary 
and aging, 
capacity, 2-16, 1i081- 


and neonatal distress, 443-444, 
448 


resistance, and 
1680-1687 
vascular engorgement 
volume, and quinidine, 844-846 
Respiratory quotient 
in malignant disease, 934* 
and quinidine, 
Respiratory tract 
chemical burn, 13-16 
chloride, intracellular, 344, 350 
infection 
after adenovirus, in volunteers, 
1072-1079 
after lymph node homotrans- 
plant, 410 


Reticulocytes 
Fe™-labeled, 1445-1447 
reutilization, 1447-1448 
in hemolytic anemia, 1471 
Retina, venous blood oxygen esti- 


mation by hotographic 
means, 399-900" 


Rheumatic fever 

antibody response, 934* 

anti-inflammatory hormone ther- 
apy for, 54 

hexosamine and 

in, 

plasma heparin-precipitable frac- 
tion values, 597, 610, 613 

fibrinogen ratio, 607-608 
sialic acid test, 452-454 
and streptolysin O, 793-801 


and cortisone, 
Riboflavin 


liver content 
at autopsy, 1584 
in kwashiorkor, 1581, 1585 
and tryptophan, 1601-1602 
Ribose 


serum 


and erythrocyte lysis, 1503-1506 
glutathione protection, 623 
metabolism 
in carcinoma cell, 1408-1414 
and on phosphate pathway, 


phosphate, from hexose- 
2-C“ and erythrose phos- 
phates, 1412 
Ribose-1-phosphate, enzymatic 
phosphorolysis, 430-433 
Ribose-5-phosphate 
in pathway for purine nucleotide 
synthesis, 1572 
in ribose-1-C™ phosphate produc- 
1411 


and erythrocyte ly- 
sis, 1503-1506 
purine, and dialysis in anemia of 
uremia, 
Ribulose-5-phosphate 
conversion from glucose-6-phos- 
phate, 1281 
in ribose-1-C phosphate produc- 
tion, 1411 
Rocky Mountain spotted fever, 
and capillary injury, 896*, 
1688-1700 
i muscle compo: 


%4251- 1252, 1284. 
myocardial uptake, 


plasma _ concentration 
kalemic alkalosis, 1250-1251 


sition after, 


Salicylates 
in rheumatoid arthritis, 611 
and mucopolysaccharide excre- 
tion, 1517, 1519-1520 
and thyroid function, 870* 
urinary excretion of acyl glucuro- 
nides after, 297-302 


excretory patterns, 300- 
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Saliva 
and dehydration, 629 
and glands in kwa- 
shiorkor, 1583 
Sarcoidosis 
hepatic, bile acid content of serum 
and urine, 531 
pulmonary diffusing and fanction 
tests in, 13-16 
Sarcoma 
and glucose tolerance, 256-258 
heparin-precipitable plasma frac- 
tions, 612 
Scarlet fever 
antibody response, 934* 
heparin-precipitable fraction plasma 
values in, 612 
Schonlein-Henoch hep- 
le plasma frac- 


Scleroderma 
heparin-precipitable plasma frac- 
tion in, 611 
pulmonary diffusing and function 
tests in, 13-16 
7-phosphate, synthe- 
sis, 
mene raction values in, 
Serine 
plasmia content, 1 
after surgery, 167 
uremic, 1 23 
Serotonin 
and 1594- 


and pulmonary 
circulation, 671, 673 
vascular. responses, 671, 673, 


release, in anaphylaxis, 1115-119 
Serum 
calcium and phosphorus in polio- 
myelitis, 973-974 
cholesterol and obesity, 81-88 
copper and thioctic acid, 1211 


lipoprotein fat-transport system in, 


1674-1677 


uric acid in gout, 1509 
Shock 
endotoxin, and cortisol, 914* 
epidemic ‘ten. fever, 99, 
102, 106-108, 128, 134-1 43, 
174-175, 1688, 1691-1694 
hemorrhagic, and iuetabolic acido- 
sis, 1126 
Shunt, circulatory, and 
ventilation, 270- 
Shwartzman reaction 
endotoxin uptake in, 695-699 
fibrinoid lesions, and endotoxin 
lethal action, 
Sialic acids 
thermal injury, 41- 


ifi "reactions, 481-452 
specific reactions 
Siderosis, levels and iron intake, 
1723-1725 
Sinus 
arrhythmia, and atropine, 1571 
coronary, oxygen content and 


blood flow, 1103-1104 
pyriform, 595 
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Skeleton, metabolic state and urin- 
ary strontium excretion, 
686-687 


Skin 
A and B antigens, 749-751 
in epidemic hemorrhagic fever, 


marhey uptake and binding, 661, 


metachromatic material in myx- 
edematous, 891* 
release of substances after thermal 


jury, 
sensitivity, and allergic reaction 
to dextran, 1160-1169 
temperature 
and histamine, 1285-1293 
in poliomyelitis 
and gonadal steroids, 1009 
and oscillating bed, 988-990 
Smoking, and reactive 
blood flow of foot, 
Sodium 
absorption, in sprue, 265-268 
acetate, and erythrocyte lysis, 
1503-1506 
and aldosterone secretion mecha- 


after cortisol and trii 
nine, 1314-1317 
in ee subjects, 784-786, 


in poliomyelitis and gonadal 
1007, 1012-1013, 
and serum calcium content, 434- 
bicarbonate, nt phenobarbital, 
chloride 
and erythrocyte lysis, 1502-1506 
and plasma heparin-precipitable 
action, 5 
and renal responses 
to hypertension, 1464-1465 
postural hypotension, 1322- 


3. 
chondroitin sulfate and ion bind- 
ings 176 
citrate and plasma heparin-precip- 
itable fraction, 307-508 
concentration 
an y electrolyte composi- 
tion, 886-887* 
and cortisone versus desoxy- 
corticosterone acetate, 1296 
and dehydration, 631 
294-295 
alkalosis, 1250- 


muscle, 1242-1247 
deficiency, 1251- 
after trauma, 826-831 
and renal function, 885* 
depletion 
after adrenalectomy, 911-912* 
and aldosterone ou 757-765 
and bedy weight, 7 
diuresis 
and potassium excretion, 882* 
responses, 659-660 


balance 
| 
be 
) 
ae 
477 
1251 
s 
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Sodium 


in acidosis 376, 379 
in edema, 585 
excretion 
and carbon dioxide inhalation, 
519, 521, 527-528 
in congestive failure, 901* 
and cortisol, 769-778 
and cortisone, 768-769 
and ethanol, 1203, 1205 
in hypertension, 1460-1468 
in hypotension, 1322-1323 
in mercurial diuresis, 659 
after renal artery clamp, 1423 
extracellular fluid after ri rtonic 
sodium injection, 43 
intake 
and ACTH versus cortisone, 
1296-1299 
and aldosterone activity, 385-391 
in hypertension, 1467 
in poliomyelitis, 945 
intracellular, 1251-1252 
exchange potassium, 1299 


iodide-T™ binding by h 

iodide- inding 

lactate, and erythrocyte lysis, 
1503-1506 

renal function, 303- 


and pepsin vege 1180 
pyruvate, and erythrocyte lysis, 
1503-1506 


retention and desoxycorticoster- 
one, 692 

serum concentration, ag 
aon body composition, 


sulfate, and renal phenobarbital 
transport, in hereditary spherocy- 
tosis, 816-822 
Somatotropin. See Growth hor- 


Spinal core. 
copper concentration in Laennec’s 
cirrhosis, 1212, 1215 
demyelinization and chloride and 
2 water content, 286, 29 


cectomy 
effect on electrolyte metabolism, 
1460-1469 
residual hypertension, 1462-1468 
Spleen 


copper concentration in Laennec’s 
cirrhosis, 1212, 1215 
enlargement in hemolytic anemia, 
1471-1472, 1477-1480 
in red cell destruction, 1430-1457 
uptake 
of endotoxin, 696-697 
erythrocytes in hemolytic an- 
ja, 1470-1485 
mercury, 661-664 
vitamin Bi: in myelogenous leu- 
kemia, 
Splenectomy 
hemolytic process after, 1477-1481 
and im cell destruction, 1440, 


in hereditary spherocytosis, sodium 
transport after, 822 

for thrombocytopenia, 410 

tuberculin reactivity after, 408 


SUBJECT INDEX TO VOLUME XXXVI 


Sprue 
hemoglobin Ag isolation, 1621 
sodium absorption from small 
bowel, 265-268 
urinary strontium excretion, 686 
nicillin resistant 
and penicillinase, 879* 


Steroids 
adrenal cortical 
biosynthesis, 932* 
and ae depletion, 760- 


and glucosuria, 890-891* 

and heparin-precipitable plasma 
thris, 6 

plasma ACTH after, 1701-1707 

and metabolism, 872- 


responses to intravenous infu- 
sion of, 1171-1181 
sodium-retaining, and sodium 
excretion in postural hypo- 
tension, 1324 
and water metabolism, 882-883* 
anabolic and anti-anabolic activi- 
ties, 919* 
gonadal, in poliomyelitis, 995-1017 
phenolic, metabolism, 1266-1277 
See also Estrogen 
therapy 
in hyperplasia, 1730 
See also specific steroid 
Stomach. See also Gastrointestinal 
carcinoma of 
Se of red cells from, 


lipoprotein spectrum, 716-717 
intraluminal chloride in, 283 
radioactivity of cobalt labelled 

vitamin Bis, 22 
temperature response 

to histamine, 1286-1293 

in achlorhydria, 1289-1290 
or promethazine, 


water content, 292 
Stomatitis, after lymph node homo- 
transplant, 409 
Streptococcus 
group A, identification of new 
group, 934* 
type-specific antibody 
and antistreptolysin O, 1092- 
1099 
nephritogenic, 


Streptolysin O, and 
fever, 793-801 
Stress 


adrenal cortical hyperfunction, 975 

and albumin synthesis, 

in coronary disease and serum 
cholesterol, 897* 

and diastolic pressure in hyper- 
tension, 918* 

heat, and hypoxia, plasma ACTH 
and corticosteroids, 1642- 


1646 
nitrogen loss, 956-957, 961 
psychophysiologic, and susceptibil- 
ity to viral infection, 922* 


Strontium, arid calcium metabolism, 
680-687, 884-885* 


to M-protein, 
876* 


rheumatic 


Stuart clotting defect 
genetic aspects, 497-502 
in hypoproconvertinemia, 485-494 
Succinic acid, and erythrocyte lysis, 
1503-1506 
Succinylsulfathiazole, and 
breakdown, 933* 
Sucrose 
and erythrocyte lysis, 1503-1506 
volume of distribution, 
Sulfate 
plasma steroid ester fraction, after 
radioestradiol and estrone, 
1272-1273, 1275 
sodium, and renal clearance of 
1221 
ulfh 


blockade, and diuresis, 666 
reactive groups, after irradiation, 


urea 


Sulfonylurea 
hypoglycemic response, 889-890* 
and insulin, 1549 
Sulfuric acid 
mucopolysaccharide in rheumatoid 
arthritis, 151 
reagent tests in rheumatic fever, 
451-452 


Sulphur 
urinary excretion in poliomyelitis, 
946-94) 


and nitrogen ratios, 950, 957-958, 
962 


Surgery 
amino acid plasma concentration, 
and nutrition, 167 
cardiovascular plastic, new concept 
in prosthesis, 892-893* 
Swallowing, dynamics of, 581-595 


Tachycardia 
after quinidine, 845-846 
response to posture and atropine, 
1660, 1661 
Taurine 
bile acid conjugation, 534-535 
plasma 1674-1677 
Taurocholic acid, plasma binding, 
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Taurodeoxycholic acid, plasma 
§39 

= 
blood. mores in acid-citrate 


dext 
and caleium “nltrafiltrability, 743- 


and heparin-precipitable plasma 
fraction, 601-602 
and plasma corticosteroids in hy- 
poxia, 1643-1644 
in poliomyelitis, 988-989, 993-994, 
1285-1293 
responses to 
in achlorhydria, 1289-1290, 1293 
dermal, 
and histamine, 1285-1293 
Testosterone 
derivatives, anabolic effects of 
9a F, 118 OH, 17a-methyl, 919* 
methyl and propionate, 1011 
other gonadal steroids, 1274 
in poliomyelitis, 995-1017 
Tetany, and calcium chloride in hy- 
poparathyroidism, 569-571 


Tetracycline, in epidemic hemor- 
rhagic fever, 1694, 1697 
Tetraiodothyroformic acid, 885* 


ssemia 
As isolation in blood, 
615-1624 


iron in, 324 
Theophylline, and thiosulfate _— 
: ance rate, 328-329, 333 
Thiamin 
deficiency, and metab- 
olism, 936-937* 
tion, 1 
Thioctic aci 
blood 1211, 1214 
serum copper, 1211, i214 
Thiopental 
aan acid-base balance, 1123 
and phosphorus metabolism, 898* 
Thiosulfate, metabolism, 327-333 
Thiouracil, radiosulfur ‘labeled, 
take and metabolism, 9 


913* 
blood flow, during respiratory 
cycle, 1571 


elastic properties, 1685-1086 

and facial flush in epidemic hemor- 
rhagic fever, 1694 

plasma distribution, after G suit 
inflation, 61-62, 65 

vena caval constriction and aldos- 
terone secretion, 689-693 

Threonine 
and nitrogen balance, 1647-1655 
1228, 1674- 


after glutamate infusion, 709 

after , 1677 

uremic, 1 1231 

Thrombin, evolution from plasma 
prothrombin, 487 

Thrombocytopenia, after lymph 
node homotransplant, 410 
lastin 


generation tests, 489 
in her editary hypoprothrombin- 
emia, 501 
platelet correction in 
hemophilia, 878-879* 
Thrombosis, and _ bishydroxycou- 
on an 935-936* 
ymidine, and erythr e lysis, 
1503-1506 


familial 


and adrenal! cortical interrelations, 
1313-1317 
and albumin metabolism, 422-427 
disease and thyroxine degradation 
rate, 931* 
function 
and hormone-plasma_ protein 
complex, 1486-1495 
and salicylates, 870* 
iodide metabolism, 912-913* 
and myxedema, 891* 
non-thyroxine ‘dine release, 930* 
radioactivity fallout in human and 
cattle, 936* 
Thyra’ serum proteins, 780- 


Thyrotoxicosis 
albumin catabolism, 426 
corticosteroids, 1303, 1308 
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Thyrotropin, and diffuse hyper- 
functioning goiter, 905 
Thyroxine 
binding 
and concentration, 803-808 
of extracellular, in tissue slices, 
25-36 


in nephrosis, 1336-1342 
by serum proteins, 923-924* 
and thyroid function, 1486-1495 
and cholesterol metabolism, 885* 
protein complex in ultra- 
centrifugation, 1336, 1339 
in thyroid disease, degradation 
rate, 931* 
Tissue 
acid transport, 811- 


cation accumulation, 1249-1255 
copper concentration in Laennec’s 
cirrhosis, 1212, 1215 
destruction in, 1428- 


hydration, and renal concentrating 
process, 

iron distribution in pulmonary 
hemosiderosis, 1152-1156 

a and plasma calcium, 


phenobarbital, plasma ratio, 1220 

strontium absorption, 

thyroxine binding in vitro, 25-36 

Tocopherol 

metabolism in hepatobiliary “dis- 
ease, 1627-1637 

after tocopheryl acetate and carbon 
tetrachloride intoxication, 
634-1636 


olbutamide 
and blood glucose concentration, 


and hypoglycemia, 922* 
and insulin, exogenous in depan- 
creatized dogs, 1546-1549 
and pentose, 889* 
Toxemia of pregnancy, serial renal 
biopsies, 920* 
Toxicity 
after amino acid administration, 
and l-arginine, 1647-1655 
ammonia, and arginine, glutamic 
acid, 913* 
of amphenone, 8990* 
copper, in Wilson’s disease, 1200 
in phenylketonuria, 


Transaminase 
glutamic-oxaloacetic blood levels, 
in anemia, 926-927* 
liver findings 
at autopsy, 1584 
in kwashiorkor, 1582, 1586 
Transplant, lymph node, 409-410 
Tricarboxylic acid, and erythrocyte 
lysis, 1503-1506 
acid, plasma bind- 


g, 539 

Triglycerides. See Lipids 
Trihydroxy bile acid 

and dihydroxy ratios, 532 
ease 

riiodothyroformic acid, 
Triiodothyronine 

binding in dia- 

phragm, in vitro 3-808 
and cholesterol metabolism, 885* 
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and — balance studies, 1313- 


and myxedema, 891* 


Triphosphopyridine nucleotide, and 
glutathione, 623- 


Triton, and plasma li in nephro- 
sis, 1560, 
Trypsin 
concentration 
intestinal, 1529 
time relationship, 1530 
and — antagonist in serum, 


Tryptophan 
binding, 
and pH, 1678 
metabolism, 1600-1606 
pathway to nicotinic acid, 1602 
and nitrogen balance, 1647-1655 
plasma concentration, 1674-1677 
after surgery, 1677 
in serum proteins and sialic acid 
measurement, 449, 452 
Tu 


berculosis 
fibrocavernous, and pulmonary dif- 
fusing capacity, 13-16 
hemoglobin As isolation, 1621 
isoniazid, and deoxypyridoxine in 
urinary excretion of trypto- 
phan, 1606 
pulmonary, chemotherapy, 926* 
sialic acid test, 452 
Tumor 
adrenal cortical 
and At syndrome, 1609- 


hypoaldosteronism after, 923* 

pregnanetriol and pregnanetrio- 
lone excretion, 1731-1733 
pitur 


tary 

gastrointestinal chloride con- 
tent, 

gastrointestinal water content, 


d O-anti 
half life, 411-4 
rate of by homotrans- 
lymph nodes, 414 


O-agglutinin, titration of sera, 
418-419 


Typhus, scrub, and capillary injury, 
896*, 1690-1699 


e 
hemoglobin content, 1345 
in phenylketonuria, 1346-1348 
plasma concentration, 1674-1677 
after surgery, 1677 


U 


Ulcer, peptic, hemoglobin A: isola- 
tion, 1621 


Urea 
breakdown rate, 933* 
clearance 
in mannitol diuresis, 631 
and dietary protein, 
excretion 
and cortisol, 769-778 
and cortisone, 768-769 
and intake, 9 
and vasopressin, 631-632 
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Urea (cont'd) 


after water deprivation, 436, 


after 1402 
tubular reabsorption 
in water diuresis, 777 
in Wilson’s disease, 1110, 1113 


Uremia 


amino acid levels of plasma, 1227- 
1231 


anemia of, dialysis and purine 
ribosides, * 

and calcium levels, 827 

flame-spectrometric method for 
magnesium, 933* 

hemoglobin Az isolation, 162% 

Urethane, and protein turnover 

rates, 358 

ition, 

in gout, 1508-1514 

serum and urine levels after guan- 
osine or inosine infusion, 
432-433 

Uridin er erythrocyte lysis, 1503- 


Uridine triphosphate, and pentose 
metabolism, 1404 


rine 
alkaline, and phenobarbital, 1224 
bilirubin 
and cortisone, 1371-1373 
and prednisolone, 1373 
concentration 
alcohol, and diuresis, 1202-1206 
and alumiaum gel, 571 
bile acid in hepatic disease, 531, 


in Laennec’s cirrhosis, 
1214 
gastric acid, 380 
and sodium, 307-308, 758-765 
tetrahydrocortisone glucuronide 
and tetrahydrocortisol, 1310 
excretion in 
of acyl glucuronides after ben- 
zoate, 297-302 
7 


extract bioassay, 762 
D-arabinose, 1391-1393, 1398- 


1405 
calcium, 685, 887*, 978 
and ethylenediamine tetraacetic 
acid, 568 
in osteolytic disease, 887* 
in parathyroid therapy, 562 
cortisol, 1317 
and vasopressin, 629-633 
creatinine 
and exchangeable . chloride, 
1380-1381 


and exchangeable potassium, 


reference standard, 1377 
electrolytes after ammonium 
chloride, 759, 764-765 
electrolytes hyperventilation, 


after norepineph- 


ke steroids 
H, 1172, 1177, 1180, 


Bay and triiodothyro- 
nine, 1314-1317 
ryptophan, 1595 
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magnesium, in osteolytic dis- 
ease, * 


of 1391-1393, 1398, 
i400 


pepsinogen after ACTH and 
adrenal cortical steroids, 
1176-1177, 1180-1181 

phosphate, and parath - ther- 
apy, 

and — intake, 509-308 

681-685 

of tryptop yhan, 1606 

in Wilson’s disease, 1110-1113 


ow 
in acidosis, 374, 376, 379 
in chlormerodrin diuresis, 659 
and cortisol, 769-778 
and cortisone, 768-769 
and diuresis 
mannitol, 631-637 
mercury compounds, 658-660 
water, 1202-1206, 1416-1419 
in epidemic hemorrhagic fever, 
99-100, 111, 128, 130-131 
after ethanol, 1202-1206 
and ar filtration rate, 


in hypertension, 1461-1468 
and vasopressin, 1465-1466 
in hyperventilation, 522, 525 
in hypoparathyroidism and para- 
thyroid extract, 
and kidney eons of pheno- 
barbital, 1221-1222 
plasma ratio, 12 1224 
rate and morphine, 918-919* 
after sodium chloride in ortho- 
static hypotension, 1325 
and sodium phosphate, 567 
and wage deprivation, 436, 629- 


in gout, hyperuricemic, 1509 
hypertonic, in absence of anti- 
diuretic hormone, 1416-1426 
hypotonic 
and potassium, 918* 
after isotonic saline in postural 
hypotension, 1322 
mucopolysaccharides in rheumatoid 
arthritis, 1516-1520 
nephrotic, thyroxine-binding by, 28 
nitrogen balance and aluminum 
gel, 571 
osmolality, 1203 
and cortisol, 770 
and cortisone, 769-770 
and clearance ratio, 


after high-protein feeding, 926* 

after renal artery occlusion and 
water diuresis, 1416-1419 

in thirsting rats, 436 

and ae 629-631, 880*, 


infusion rate, 1060-1063 


H 

and bicarbonate diuresis, 923* 

after carbon dioxide inhalation, 
518, 521, 525 

and renal clearance of pheno- 
barbital, 1221-1225 

in respira alkalosis, 517, 520, 


and testosterone, 1014 
in Wilson’s disease, 1109-1113 


Urolithiasis, 
Uronic acid 


in poliomyelitis, 946-949, 952, 957, 


calcium, 967-970, 1023-1027 
and ambulation, 978 

chloride, 1007, 1013, 1016 

citric acid, 968-970, 1023-1027 

creatine and creatinine, 946-949, 
952, 1012, 1014-1016, 1019- 
1023, 1027 

glycocyamine, 997.-999, 1001, 

and steroids, 997-999, 
1001, 1007, 1013-1014, 1016 

950, 957-962, 1019- 


and oscillating bed, 983-986, 993 
phosphorus, 966-981, 1023-1027 
957-958, 962, 


and ey tract calculus, 977, 
in — sodium depletion, 
758-765 


pregnanetriol and _pregnanetriolone 
excretion in adrenal dys- 
function, 1726-1735 
proteins 
in —_— myeloma, 352-359, 


in proteinuria, 426 
358 
lose, and insulin, 1388 


Urobi ogen, fecal excretion 


in hemolytic anemia, 1471 
in hemosiderosis, 1157 
and acetazolamide, 894* 


hexosamine molar ratios in prota- 
mine precipitates, 1330 
mucopolysaccharides, 875*, 1331 


Urticaria 


capillary studies, 1693, 1698 
and penicillin, 1693 
forearm circulation in, 246 


Uterus 


gravid, neurogenic stimuli and pre- 
eclampsia, 

serotonin concentration and 5-hy- 
droxytryptophan, 1596 


Vv 


Vaccine, live adenovirus and respi- 


Valine 


ratory illness, 1079 


and nitrogen balance, 1647-1655 
concentration, 1228, 1673- 


after 


uremic, 1 


Vascular 


capillary, in epidemic hemorrhagic 
fever, 1688-1700 
cerebral, and age, 1136 
coronary 
and nitroglycerin, 895* 
and quinidine, 
pulmonary 
engorgement, 59-66 
and 5-hydroxytryptamine, 924* 
reactivity, in hypertension, 918* 
renal, in epidemic hemorrhagic 
fever, 99-100, 104, 106, 128 
resistance 
cerebral, 1136 
in coarctation of aorta, 1539, 
1542-1543 


coronary, and quinidine, 844- 
846 


and hexamethonium, 861, 863 
Vasoconstriction 
congestion and circulation in fore- 
arm, 252 
intrarenal, and norepinephrine, 96 
pulmonary 
-hydroxytryptamine, 671, 


and 670, 673 
renal, and norepinephrine, 96 
Vasodilation 


cap 
diseases, 1690, 1693, 
1695, 1696 
and 1697 
and circulation, forearm, 252 
coronary, in hypoxemia, 1106 
in epidemic hemorrhagic fever, 
105, 128, 134-135, 


and histamine, promethazine or 
Dilatol®, 1290, 1292-1293 
peripheral arteriolar, 863 
pulmonary, and acetylcholine or 
aminophylline, 673 
Vasopressin. See also Hormone, 
antidiuretic 
antidiuretic response 
and cortisone, 776 
and pressor activity, 1066-1071 
and coronary blood flow, 472-477, 


and hypertension, 1325 
and myocardial uptake of rubi- 
dium™, 77 
plasma clearance, 475-483 
and osmolality of urine, 1422 
pyrogenic reaction, 1067 
renal response 
in a hemorrhagic fever, 


in hypertension, 1465-1466 
and ane reabsorption, 1059- 


serum potassium and 
excretion in dogs, 389 
urinary content 
in hydration, 630-631 
osmolar, 880*, 926* 
and at artery clamp, 1422- 


and water excretion, ‘ean 
in st tension, 
1323 

Vena cava 

erythrocyte and protein concentra- 
tion, 1451 

inferior, thoracic constriction, and 
aldosterone secretion, 


superior, and portal venous bed 
anastomosis, 1257-1264 
Venous pressure-volume curve 
and epinephrine, 886* 
and norepinephrine, 1663-1671 
Ventilation 
alveolar, acclimatization to alti- 
tudes, 270-277 
and exercise, 1140-1148 
in poliomyelitis, and oscillating 
bed, , 992 


and quinidine, 844-846 
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Ventricle 
atrial impulse transmission me- 
chanism, 883* 
left 
in aortic-caval fistula, and Lana- 
toside C, 336-338 
work and quinidine, 844-846 
potassium concentration, 479 
right, a and quinidine, 844- 


weight, and vasopressin, or norepi- 
nephrine, 475-476 
Virus 


adenovirus types 3, 4, and 7 res- 
piratory illness in volun- 
teers, 1072-1079 

mumps, delayed hypersensitivity in 
and cellular damage, 893* 

myoclonus due to, 912* 

Viscera 

hemodynamics, in coarctation of 
aorta, 1537-1543 

chloride, sodium, 343- 


transport of fatty acids to adipose 
811-814 
Vitamin 
activity, in leukemic sera and tis- 
sues, 904* 
binding, in myelogenous leukemia, 
18-24, 915* 
dual plasma absorption, 884*, 
1551-1556 


Ww 
Water 
body, partitioning from potassium 
and sodium, 34 
clearance 
after isotonic saline, in postural 
hypotension, 1322-1323 
and rate infusion, 


concentration 
of electrolytes, 3 
in muscle, 1242-1247 
and vasopressin, 880* 
deprivation and renal concentrat- 
ing ability, 
diuresis, 776-777 
and cortisol, 769-773 
in diabetes insipidus, 1206 
and hepatic cirrhosis, 936* 
and ethanol, 1202-1206 
and phenobarbital 
1221-1222 
and renal artery cuff inflation, 
1419 


clearance, 


excretion 

in heart failure, 901* 

in hypertension, 1460-1468 

and sodium, 305-308 
extracellular, thiosulfate single in- 

jection method for, 327-333 

gastrointestinal content, 289-295 

— from, in sprue, 265- 


intracellular 
and age, 512 
in heart failure, 903* 
and ne deficiency, 1251, 


metabolism 
and adrenal steroids, 882-883* 
in heart failure, 901* 
— er trauma, 827- 
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in poliomyelitis, balance gona- 


and 
dal steroids, 1007, 1013, er016 
renal excretion, 1202-1206 
and morphine, 918-919* 
renal tubular reabsorption 
and hormone, 1059- 
1071 


and cortisol or cortisone, 777-778 
requirement for urine isosmotic 
state, 629 
retention and hyponatremia, 388 
swallowing dynamics, 586 
tendon content, 343 
Weight 
anabolic effect of norethandrolone, 


and cortisol, 769-778 
and cortisone, 768-769 
and desoxycorticosterone acetate, 
1296 
and of the lung, 
and exchangeable 
chloride, 1379 
potassium, 1377 
gain in aortic-caval fistula and 
Lanatoside C, 336-338 
from simple overeating, 81-88 
and glucagon dosage, 77 
in newborn infants, in ventilation 
and diffusion, 1082-1084 
and pentose disappearance from 
blood, 1 
in poliomyelitis, 946-949, 952-955, 
1019-1023 


and oscillating bed, 986 
and testosterone, 997-999 
and potassium depletion, 758 
and ee diffusing capacity, 


3-16 
reference standard, 1377 
and sodium 
depletion, 758 
excretion in hypertension, 1467 
intake, 306, 307 
and water deprivation, 436 
Wilson’s disease 
ceruloplasmin copper exchange 
= ionic, 927*, 1193, 1197- 


and hepatic coma, ammonia metab- 
olism, 362 
and renal function, 1107-1112 
and probenecid, 1110, 1113 


x 
Xanthine oxidase, in liver 
at autopsy, 1584 
in kwashiorkor, 1581, 1585-1586 
Xanthomatosis, liver copper con- 
tent, 1214 
thosine, ip erythrocytes, osmotic 
lysis, 1502 
Xanthurenic acid, excretion, after 
— ingestion, 1601- 


D-Xyiose 
metabolism, 1395-1405 
and glucose, 1389 
and insulin, 1385-1388 
stereochemical configuration, 1383 
Xylulose 5-phosphate, in xylulose- 
oo phosphate production, 


Ziac, metabolism in post-alcoholic 
cirrhosis, 933* 
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TETRACYCLINE-PHOSPHATE BUFFERED 


ca PSULES given orally, produce 


et 303 higher serum concentrations than those 
obtained with tetracycline hydrochloride. 
Therapy with activated Tetracyn V thus provides 
a higher, faster activity level of tetracycline, 
established as outstanding in effectiveness and safety 
among broad-spectrum antibiotics. 
Supplied: Capsules, each containing 
tetracycline equivalent te 250 mg. tetracycline 
hydrochloride, phosphate buffered. 


SSSR ACTIVATED TETRACYCLINE THERAPY FOR 
f™ HIGHER, FASTER BLOOD LEVELS PROVIDES 
POTENT, PROMPT, PROLONGED CONTROL OF 
TETRACYCLINE-SUSCEPTIBLE INFECTIONS 


TETRABON 


TETRACYCLINE-PHOSPHATE BUFFERED 


homogenized syrup 


Orange-flavored, specially homogenized liquid 
preparation of activated tetracycline assures faster, 
higher levels of broad-spectrum therapy and 
assures acceptance by patients of all ages. 


Supplied: Each 5 ce. teaspoonful of Tetrabon V contains 
tetracycline equivalent to 125 mg. tetracycline 
hydrochloride, phosphate buffered. 

Bottles of 2 oz. and 1 pint, ready to use. 


patients and those with minor ' 
poe infections can get prompt symptomatic relief = 
and protection or treatment of secondary bacterial 2 


complications with TETRACYDIN Tablets 


Prizer LABoxaTories, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
WORLD LEADER IN ANTIBIOTIC DEVELOPMENT AND PRODUCTION 
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La cancérogénése chimique et le probleme de |l’étiologie des cancers. N. P. Buv- 
Hot. 


Original Articles 


Réponses électromyographiques 4 |’étirement musculaire chez l’homme normal. 
G. TarbDIEU, P. Ronpot, J. MEeNscu, J. C. DALLoz, C. MONFRAIX et J. C. TABARY. 


Action de la protovératrine sur l’hémodynamique circulatoire. J. DukRANp, E. 
Voripis et L. ScéBat. 


Sur le réle joué par certains métabolites organiques et minéraux dans |’éosinopénie 
provoquée par la cortisone. A. ASCHKENASY. 


Les facteurs thromboplastiques plaquettaires. J. CAEN et J. BERNARD. 


General Review 


La maladie hémolytique du nouveau-né causée par |’incompatibilité des groupes 
ABO. J. Movuttec et S. Lewt. 


Technical Note 


Présentation d’une technique de coloration histologique différentielle en un seul 
temps. Son utilisation dans le cytodiagnostic. C. HEROvICI. 


Subscriptions, U.S.A. and Canada, $19.00 


Special rate for interns and residents, $13.00 


Flammarion, 1243 University Street, Montreal 


} 
i « 
‘ 
. 


only 
injection 


ee 


4 


trimethylacetate 
(desoxycorticosterone trimethylacetate CIBA) 


controls adrenocortical insufficiency 
One monthly injection of Percorten affords prolonged, well-reculated hormone 
therapy for patients with Addison’s and other diseases marked by adrenocortical 
insufficiency. 

e without annoying and painful daily injections 

e without unpleasant implantation of pellets C7 a 


Multiple-dose Vials, 4 ml., each ml. containing 25 mg. Percorten trimethylacetate SUMMIT, N. J. 
as an aqueous microcrystalline suspension for intramuscular use only. 2/2385MB 
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NEW CATALOG‘O 
SANBORN RECORDING 
MONITORING & RELATED 

EQUIPMENT | 


-.-.to help you select 
the right recording equipment 


for biophysical research... 


thee researcher or teacher concerned 
| with measurement, recording and study of physio- 
logical phenomena such as pressures, temperatures, 
ECC’s, sphygmograms, pneumograms, 2tc., valu- 
able data is available in a new catalog describing 
the major Sanborn biophysical research instru- 
ments. Information about recording systems, 
monitoring oscilloscopes and transducers is pre- 
sented from the standpoint of the user’s requirements, 
Player, and two series of physiological Pressure rather than simply as product descriptions. By 


The new catalog provides complete data on: 2-, | 
| 
| 
Transducers. Prices of all instruments are also in- | frequent use of typical examples ae involving the 
| 
| 


4-, 6- and 8-channel “150M” Recording Systems 
and the five primary plug-in Preamplifiers used 
with them; four different single-channel recording 
systems, as well as the 2-channel Twin-Viso (direct 
writing) and Twin-Beam (photographic) systems; 
the Viso-Scope oscilloscope, its companion “OR” 
model for operating room use, and the related 
Vector Amplifier and Electronic Switch; the Ampli- 


number and nature of phenomena to be studied, 

the transducers or other associated equipment to 
be used, future needs vs. present requirements, etc. 
—the Sanborn catalog can greatly simplify equip- 
ment selection and insure maximum usefulness 
per dollar invested. 


For your copy of this new Sanborn Cotalog, 
address Inquiry Director, Medical Division. 


SANBORN COMPANY 


175 Wyman Street, Waltham 54, Massachusetts 
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Recording System, 
Oscilloscope and Tape Recorder/ Player... 
three of 17 instruments in Catalog 
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Nuclear-Chicago equipment shown being used 
includes new DS5-5 Well Scintillation Counter 
and new 132 Analyzer Computer. 


plasma volume measurements with 
radioiodine labelled human serum albumin 


This modern method quickly provides the 
accurate knowledge of plasma and blood 
volume so important in surgery and where 
bleeding requires replacement therapy. 
This method is faster than the Evans Blue 
technique and has the additional advan- 
tage of being repeatable. 


The newly-designed and improved 
Nuclear-Chicago instruments shown per- 
forming this function are versatile—ideal 
for use in estimation of thyroid activity 
by measurement of PBI!%! conversion 


ratios and in evaluation of pancreatic 
function by the administration of radio- 
iodine labelled proteins or fats. 


For years Nuclear-Chicago has been a 
leader in the development of quality radio- 
activity instrumentation for the medical 
profession, providing in the highest degree 
the efficiency, accuracy and reliability so 
essential in this exacting field. Competent 
and prompt service is always available. 
Write for full details or ask to have our 
respresentative cali. 
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LYCEDAN® 


Schwarz Adenosine-5-Phosphorie Acid 


METHIACIL® 


Schwarz Methylthiouracil 


MINUCLEIN® 


Schwarz Tonic Nucleates 


NUCLEIC ACID and 


SODIUM NUCLEATE Tablets 


TRIPHOSADEN® 


Schwarz Adenosine 


TRIPTIDE® 
Schwarz Glutathione 


Clinical Preparations 


Radioactive Products 
S*°—Amino Acids 
S**—Glutathione 
C—Ribonucleic Acid 


C'4—Ribonucleosides 
C'4~Ribonucleotides 


C'—~Purine Bases 


C'—Sugars and Sugar Phosphates 
C™— and S$*°—Yeast Cells 


C'—Euglena Extracts 


P®2~Adenosine Phosphates 


These Schwarz fine chemicals satisfy the exacting requirements of products intended 
for laboratory and biochemical use. 

To assure the user of highest quality and purity, rigid specifications in accordance 
with latest literature are established for each product, each lot is carefully analyzed 
and checked before shipment, complete records are permanently kept, and an analysis 
is furnished the user if desired. 

Quantity production resulting from the wide preference and demand for Schwarz 
high-quality biochemicals provides ample supplies at low cost. Write for informative 
technical bulletins, specifications, references to literature. and latest complete price list. 


SCHWARZ LABORATORIES, INC. 


Leading Manufacturers of Yeast Biochemicals and Fine Chemicals 
230 Washington Street, Mount Vernon, New York 
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FOR PROTEIN BOUND. lODINE DETERMINATIONS 


The 


The PB! determination is the ONLY TEST 
which directly measures thyroid function 
by measuring the ability to produce circu- 
lating thyroxine. 

Combining specially designed equip- 
ment, purified reagents and a simplified 
method, the Hycel System gives repro- 
ducible results to +0.1 mcg%. 

Equipment includes reagents for over 
200 determinations and special equipment 
to perform up to ten tests daily. Also in- 
cluded are Manuals describing method and 
interpretation. 

The Hycel System is the result of excen- 

sive research and testing by 
Hormone Chemistry Labo- 
ratory. They offer corrobo- 
fative assays aS a service 
to users. 


No. 53845—Hycel PBI System. - $340.00 


A multiple set is available containing sufficient rea- 
gents for over 600 tests, and additional equipment 
for performing 20 or more tests daily. Our catalog 
No. 53846, it sells for $1050.00. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


You can rely on 
Products — 
Browne-Morse i | 
ag Christian Becker 
spectrophotometers i 
DiSPo items—dis- q 
posable speciaities 
centrifuges 
Matheson Coleman & 4 
Bell organic chem- 
icals 
Monaghan respiratory 
equipment 
equipment 
Schieffelin 
SP laboratory 
specialties 
; gee athly s? Torsion dalances 
Vis virus & tissue 
pmen 
Warner-Chileott ¥ 
ciel we pharmaceuticals 
No matter what 
Consult your SP representative for further details. | Y%"'sberatory 
; needs—be sure to 
first! 
New York Los Angeles + Son Francisco 
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+For full information, see your Upjohn representative or write the 


Medical Division, The Upjohn Company, Kalamazoo, 


estigation. 
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FURADANTIN® INTRAVENOUS SOLUTION 


often rapidly effective: 


in systemic infections such as septicemia (bacteremia), peri- 
tonitis, and other bacterial infections as of postoperative 
wounds and abscesses, when the organism is susceptible to 
FURADANTIN; in severe genitourinary tract infections when; 
the patient is unable to take FURADANTIN by mouth. 


FURADANTIN I.V. has proven dramatically effective—often 
lifesaving—even in infections which failed to respond to 
other antibacterials. It has been administered to adults and 
children alike without serious toxic effects. 


FURADANTIN i.V. solution is dissolved aseptically in a sterile 
diluent at room temperature, just prior to use by intravenous 
drip only. Full dosage instructions and discussion of indi- 
cations and side effects are enclosed in each package. 
FURADANTIN I.V. is now available to all hospital pharmacies. 


NITROFURANS—a new class of antimicrobials— 
neither antibiotics nor sulfonamides 


EATON LABORATORIES, NORWICH, NEW YORK 
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